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EXECUTIVE SUMMARY 

The River Areas Remedial Investigation (RI) is one of three RIs 
being performed for the Vineland Chemical Company (ViChem) work assignment. The RIs include: 

o The ViChem plant site proper; 

o The River Areas, consisting of the Blackwater Branch 
upstream of the plant to its confluence with the 
Maurice River; the Maurice River from the Blackwater 
Branch to Union Lake, an approximate river distance of 
seven miles downstream; and the Maurice River below 
Union Lake to the Delaware Bay, an approximate river 
distance of 25 miles; and 

o Union Lake, an 870-acre impoundment on the Maurice River. 

The purpose of the River Areas RI was twofold. in the 
Blackwater Branch and the upper Maurice River above Union Lake 
the purpose was to collect sufficient data to perform a 
semi-quantitative risk assessment and a feasibility study. For 
the lower Maurice River, below Union Lake, the purpose was to 
perform confirmational sampling at stations that had elevated 
arsenic concentrations in 1979, to perform a qualitative risk 
assessment, and to outline additional study needs if warranted. 

TnS MouThe"J Site iS r?nk<rd amon9 the top 10 hazardous waste sites 
PrioritieserLiJt ' v rhS ranke<3 number 42 on the National norities List. ViChem has manufactured organic arsenical 
herbicides and fungicides at this plant since 1949. 

Detailed information on past use, storage, and disposal of all 
process materials at the plant is not available. It is known 
that waste salts containing arsenic were piled outdoors and 
that precipitation contacting the piles flushed arsenic into the 
P oces" lrter A\S„0t'o She Plant discharged untreated 
percolate Vht la9°°ns' and the water was allowed to 
EJ H o groundwater. The contaminated groundwater 

dlschar9ed into the Blackwater Branch and was 
distributed downstream in the Maurice River drainage system. 

Previous investigations have shown elevated arsenic 
approximately5 26lr\-" surfa<T® "»terS and sediments extend?^ ^proximately 26 river miles downstream of the plant to the 
Delaware Bay. The Maurice River was found to have the highest 
concentration of arsenic in sediments of any river in New Jersey. < H 2 
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The field work for this RI was conducted in two phases. Phase I 
took place in June and July of 1986. Surface water and sediment 
samples were obtained from the Blackwater Branch and the upper 
?Q«71CecRlJer* P.haSe " t0°k Place in June' July> August 
1987. Surface water and sediment samples were obtained from the 
Blackwater Branch, the upper Maurice River, and the lowe-
Maurice River below Union Lake to the Delaware Bay. Biota samples were also obtained from the upper and lower Maurice 
River. c 

In this RI extensive use was made of previous investigations and 
data collected by others. Previous studies prepared for the 
ineland Chemical Company and for the New Jersey Department of 

Environmental Protection were reviewed and incorporated. Data 
collected by the USGS and its gaging station on the Maurice 
River at Norma, New Jersey (Ebasco's Station ER-7 in this 
report) were utilized. Groundwater data provided by the cities 
of Vineland and Millville were also incorporated. 

Two bench-scale treatability tests, chemical fixation and 
extraction, were performed on sediments. The fixation test was 
performed to determine if arsenic in the sediments could be 
chemically stabilized or physically bound to the sediment such 
that leachable arsenic concentrations were below 5 mg/1. The 
extraction test was performed to determine if arsenic could be 
removed from the sediments to a concentration of 20 mg/kq, the 
background arsenic concentration of soils in New Jersey and the 
ECRA cleanup guidance level for arsenic in New Jersey soils. 

The target cleanup standard for arsenic in sediments, 20 mg/kq 
was chosen at the inception of the study. No regulatory 
guidance other than that mentioned above was available to 
determine sediment cleanup levels. As part of this RI 
risk-based sediment cleanup levels were calculated both for 
submerged and exposed sediments. 

The major findings of the River Areas RI were as follows: 

° 3he main' and Probably sole, source of arsenic into the 
Maurice River watershed above Union Lake is the 
groundwater discharge coming off the ViChem plant 
site. An estimated six metric tons of arsenic per year 
were entering the Blackwater Branch based on the 1987 
data obtained by Ebasco. The arsenic flux was probably 
much higher previously. An estimated 500 metric tons 
of arsenic have been discharged from the plant to the river over time. 

8571b 
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The rivers above Union Lake basically behave as a 
conduit, transferring the arsenic from the plant site 
downstream into Union Lake. Therefore if the 
contaminated groundwater discharge off the plant site 
is eliminated, the arsenic levels in the river above 
Union Lake should drop relatively quickly. 

Union Lake's sediment has been a sink for the a r s e n i r  
discharged off the site. An estimated 140 metric ?^s 
of arsenic are presently bound to the lake sediments 
This amount represents approximately 30 percent of the 
arsenic discharged from the plant. 

Iv imP°ssible to tell, based on the available data 
whether eliminating the groundwater discharge off the 

\ l0Wer^ the arsenic concentration in Union 
Lake s water. On one hand, the arsenic load in the 

c?ming V1 and going out of Union Lake is 
relatively constant, suggesting that there is little 
o^1Ch,nerrPK10n,fr0m the lake's sediments. On thl 

? 5' 4-?a 0n the lake sediment partition 
coefficient, the sediments are in equilibrium with the 
offerfhC.0lUmH- 1hiS suggests that arsenic desorption 
off the sediments controls the lake water arsenir 

Additional data are necessary o resolve this discrepancy. 

,Union Lake' the arsenic concentration in the 
water drops steadily, moving downstream until the salt 
water front in the estuary is reached, at which point 
it drops relatively rapidly. This is probably due to 
compiex chemical reactions or dilution occurring at 
turf»Z°int; t0tal arsenic concentration in the 
surface water dropped below 50 ug/1 approximately 21 
lsIFdaTa In°l979rea.h fr°m the Site acc°rding to the iyo/ data. in 1979, the concentration dropped below 50 
ug/1 approximately 26.5 river miles downst?lam From the 

The risk assessment considered a number of Dathwavs 
e^poJed foSldthnetS -and recraa«°nal users co'ulT'K 

* lver water> sediment, and fish 
concern WRisks°Und tC>i b? the main contaminant of concern. Risks were calculated on a worst-case basis 
using maximum arsenic concentrations and conservative 
exposure assumptions, and on a most ProbablI-£asiI 
exposure311 a5!®niC. .concentrations and less conservative 
exposure assumptions. The total worst-casp sFSi'HsB "vs -

respectively. At the Almond Road beach, a popSlaF § 
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recreational area, the worst-case and most probable 
risks were 7x10-5 and 9x10-6, respectively. in all 
cases, ingestion (either sediments, water or fish) 
comprised the majority of the risk estimate. Direct 
contact with stream water and inhalation were 
insignificant. Noncarcinogenic risks were also 
generally insignificant. in the lower Maurice River 
£SCreJ\Sl he*lth. risks were qualitatively determined to 
be relatively minor for most of the exposure pathways 

sediment cleanup levels to achieve the 
1x10 level in the Blackwater Branch and upper 
Maurice River were calculated to be 2 mg/kg for the 
worst-case exposure scenario, and 12 mg/kg for the most 
probable exposure scenario. To achieve a 1x10-5 risk 
from sediments, the concentrations are 20 mg/kg for the 
srpn^rinaSe' and 120 rag/kg for the most probable oucnailO• 

° t.treata51lity studies determined that chemical 
fixation and extraction were both feasible methods to 
J 'le arsenic-contaminated sediments to the target 
J ha"n? less than 5 mg/1 teachable arsenic 
^ on , having an arsenic concentration of less 
than 20 mg/kg (extraction). The feasibility study will 
al* flVl * • ^hes? treatment technologies, although 
as discussed m detail m the feasibility study, the 
treatment criteria have changed from that postulated at 
the beginning of the study. 

I!ld l]SG%e Aef3 PhaSS lL •data' and the investigations 
and U5GS data, were sufficient to meet the study objectives 
Additional data needs were identified. These included 
Union"1^1^9 arsenic concentration and the flow coming out of 

Lake concurrently with measurements at the USGS aaae at 
fha'h'l-h f the form of arsenic in fish if EPA^determines 

information is necessary to definitively quantify this 
thS °f —P"on/aesfoyrp^^ 
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l.o TMTPOnUCTIQN 
The U.S. Environmental . detect Ion Agency (USEBM »« 
authorized Ebasco Services P - fRi/FS) of the Vineland 
Remedial investigation/Feasibility Study <*^FS>er°*ytneThe RI/FS 
Chemical Company (ViChemJ^^it^^ As'signment Dumber 37-2LB8 
^IerPecron°tract Dumber 68-01-7250 ^or^rte 

f f s s s > •  « " » •  

" , r , - r  i u r r « r  » F r f  
submission to the EPA are presented in Table 1-1. 

T..SS' ZUi-r?SSS V'-V ff-s-IS: i, 
estuarine^ e^v "on^tUCU|h\^in%ep^tlt0^|reases the Blackwater 

i^cat ion n<ofththe'a study SS" ̂ 0^-^ S 
location of the ViChem plant shown on Figure 1 2. 

1.1 REMEDIAL INVESTIGATION OBJECTIVES 

- Riverabove*1 &£* ttfZT tV'SllSt 
th®. * data to perform a semiquantitative risk assessment 

S^  ̂  
^ ESntrS.1Ve S^ec^iica^r6 the R1 

objectives by area were as follows. 
Blackwater Branch and TTooer Maurice River (above Union Lake) 

o Define the extent of contamination in the sediment, 
surface waters and some of the biota in this portion o 
the study area; 

o Identify the contaminants and pathways that have act£j^ 
or potential impacts on public health or the 
environment; 

o Conduct bench-scale tests to evaluate the fea^bility 
of treating contaminated sediments, and to evaluate the 
impacts of the proposed remedial measures; and 

o Use the above data to prepare a semiquantitative risk 
assessment of contaminated media on potentially ®*P°sed 
populations and a Feasibility Study for treating 
potentially contaminated sediments. 

8518b 
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T,nwpr Maurirp River (below Union Lake) 
_ . i.ho NTDEP'S 1979 sampling in this portion of the o Repeat the NJDEP s i»/» " P * arSenic concentration 
study area at locations where tne detected in 
in «;pdiments exceeded 23 mg/Kg, rne xevex , 
IE- MaurTce River above the Blackwater Branch (the 

" receiving Stream for groundwater from the ViChem plant) 
at that time; and 

o Use this and other data to prepare a qualitative risk 
assessment, identify hot make 
recommendations for future work as warranted. 

The data base to meet these objective^ was obtained 
Sf IteTToX lr? ̂scrihed in Subsection 1.3.2 and j 

prevTousS'studies conducted for ^"^ta^hls 
o v e r a l l 3  datadlblseC°provided the information to meet the study 
objectives outlined above. 

1.2 BACKGROUND INFORMATION 

1.2.1 Description 

The ViChem plant is located in a residescU'erUS 
lSSi<Sf on Figure 1-2. 

The Plant is bordered on^e ̂north ̂  end^the 

Residential areas birder the plant to the east, west and south. 

ViChem has produced organic herbicides and at^this 

two 3 '"ma jo rS * i c^^^J^jhemii c a ^ * i - 2* U1 i s ts^ ̂chemi c a 1 s "u s ed? 
monosodium methanearsonate. Tao woKom nianf manufactured, or known to be stored at the ViChem plant. 

plan"andy'severalEll^goons.n9eThea"anufacturingSand' parking areas 

ffLViP^tS. M rS J-gS-soils. The remainder of the site is covered by trees, grass, 
shrubs. 
The site is situated in a residential/industrial area. 
residences are shown on Figure 1-3 in the £ 
the plant. A number of other residences are located close to 
the plant along Wheat, Orchard, Oak, and Mill Roads. 

1-5 
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TABLE 1-2 
CHEMICALS USED. MANUFACTURED OR STORED 

AT VINELAND CHEMICAL PLANT 

INORGANIC METALS AND SALTS FLOCCULANTS 

Arsenic 
Mercury 
Mercury (II) chloride Aluminum 
Mercury (I) chloride Iron 
Cadmium 
Cadmium chloride 

METAL ORGANIC ARSENIC COMPOUNDS 

Disodium methane arsonate 
Dodecyl and octylammonium methane-arsonate 
Monosodium acid methane arsonate 
Calcium acid methane-arsonate 
Dimethylarsonic acid (Cacodylic acid) 

ORGANIC MERCURY COMPOUNDS 

Phenyl mercury dimethyldithiocarbamate 
Phenyl mercuric acetate 

HERBICIDES 

Sodium 2,4-dichlorophenoxy acetate (2,4D) 
2-4-dichlorophenoxy acetic acid 
2(4-chloro-2-methyl phenoxy) propanoic acid (MCPP) 
bis(dimethylthio-carbonyl)disulfide (thiram) 
1,4-bis (bromoacetoxy)-2-butene 
2,3-dibromopropionaldehyde 
Alkylarylpolyether alcohol 
SOLVENTS AND GENERAL ORGANIC CHEMICALS 

Benzyl alcohol 
Xylene 
2,3 Benzofuran 

Methanol 
Epichlorolydrin 
Acrolein 
Isopropyl alcohol 

Methyl chloride 
Methylene chloride 
Trichloroethane 
Trichloroethylene 

Tetrachloroethylene 
Bromochloromethane 

Methylene-bis-thiocymate 
Hydrobromic acid 

Tetrabutyl ammonium bromide 
Bromo acetic acid 

8518b 
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TABLE 1-2 (Cont'd) 
CHEMICALS USED. MANUFACTURED OR STORED 

AT VINELAND CHEMICAL PLANT 

Glycerine 
Triton X-100 
Formaldehyde 
Butanediol 

POSSIBLE CHEMICALS FROM MANUFACTURING 

Phenol 
Chlorophenols 
Chloroacetic acid 
Chlorides 
Arsenic trioxide 
Arsenic pentoxide 
Methyl chloride 
Methanol 
Sodium hydroxide 
Calcium oxides, chlorides, sulfates 
Mercury oxides 
Cadmium salts 

Gasoline 
Kerosene 

Compiled from: 
1) Miller, F., NJDEP Memo, Vineland Chemical Ground Water 

Pollution Problem, May 24, 1985 
2) Sittig, M., Pesticide Manufacturing and Toxic Materials 

Control Encyclopedia. Noyes Data Corp., Park Ridge NJ (1980) 

8518b 
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The Martex Manufacturing facility is loc 
and west of the ViChem lagoon area. Mart 
packaging materials, although little info] 
the materials used or manufactured at this 
The Blackwater Branch is immediately norl 
as shown in Figure 1-4. This stream f 
discharges into the Maurice River approxi 
downstream from the plant. The upper M 
Figure 1-5, then flows approximately 
downstream into Union Lake, which is a 
long. The Maurice River then flows approi 
downstream from the lake into the Dela 
Figure 1-6. 

Some time between April 1985 and June 198 
a dam on the Blackwater Branch just downst 
bridge. The dam flooded the Blackwater Br 
extent shown in Figure 1-3. The dam was 
to allow for construction of a new bridge, 
is now flowing in its normal channel and been drained. 

A wastewater treatment system is in op 
plant site. The system has a design cap 
25 gallons per minute (gpm), or 36,000 
assuming 24-hours of operation. The s 
treat between 2,000 and 5,000 gpd of pre 
gpd of groundwater, which was to be pv 
water table, and storm runoff water as ne 
provisions were made to collect up to 60 
cooling water in the event that a mechani' 
and mixed the non-contact cooling water process water. 

The wastewater treatment system consists o 
Z tu' ?nd ancillary equipment. Ft 
to the first mix tank and caustic soda is 
mix tank to promote flocculation. The w< 
the reactivator where it is mixed with a p 
then passes through a flocculation comparl 
particles settle to the bottom and are i 
lined tank. The reactivator effluent is 
filter before discharge. The slurry in th 
pumped into a vacuum filter and the dry s 
a dumpster for off-site disposal. An-
discharge requirements is reportedly recirc 

Some of the lagoons shown in Figure 1-3 
l9neSnnrea^ent system- L^oon LL-1 is , 
til*000 3*llon capacity. This lagoon was 
cess water, groundwater, and storm water 
treatment. Water can be pumped from 

8518b 1-9 
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wastewater treatment plant at 25 gpm. Lagoon LL-2 is also a 
lined lagoon, but it has a concrete base. This lagoon was 
designed to hold the sludge prior to disposal. It now holds 
water to be recirculated for retreatment. Lagoon UL-A is an 
unlined lagoon. This lagoon receives the non-contact cooling 
water and the treated discharge from the treatment plant. 
Because the site soils are sandy and this lagoon is unlined, 
inflow to the lagoon rapidly infiltrates the groundwater. 

The remaining lagoons shown in Figure 1-3, UL-B, UL-C, and UL-D 
are all unlined and are not currently used in the water treat
ment system. However, aerial photographs provided by the USEPA's 
Environmental Photographic Information Center (EPIC) showed that 
in the past these lagoons were connected to lagoon UL-A. Photo
graphs from USEPA's Site Analysis, Vineland Chemical Company 
(Simpson, 1988) show that UL-A, UL-B, UL-C, UL-D and LL-1 (which 
was previously unlined) were connected to one another in the 
P^\.Thf Photographs show that all of the lagoons were filled with liquid. 

The two lined lagoons, LL-1 and LL-2, are regulated by RCRA. 
The wastewater treatment plant and the unlined lagoon, UL-A, are 
regulated under the NJPDES program. Other active solid waste 
management units at the plant site include: trailers/tote bins 
used to store waste salts and the treatment plant sludge; septic 
system and leach field; and the soil beneath the floors of the 
production buildings, where past operating procedures reportedly 
produced spillage. Inactive/abandoned solid waste management 
units are basically areas where waste salts were improperly 
stored in the past, including the waste salt piles, sludge 
piles, chicken coops, and outdoor drum storage areas. 

The treatment plant was designed to produce an effluent with an 
arsenic concentration of 0.05 milligrams per liter (mg/1). 
ViChem initially had difficulties achieving this level 
therefore an interim standard of 0.7 mg/1 was agreed to and 
fhf?reL n Nn?EP /f ?ece™ber 22' 1981' with the understanding 
that the 0.05 mg/1 level would eventually be met. In-house 

= //iSUltlS Performed on a daily basis by ViChem indicate 
K ? i , been reduced below the interim standard, 
but the levels are still greater than 0.05 mg/1 at times. The 
levels^ are still greater than 0.05 mg/1 when the influent 
concentrations are high, but are less than 0.05 mg/1 when the 
influent concentrations are low. 

ViChem reports that it no longer treats either groundwater or 
process water. Reportedly all of the water used in 
inc?udPdUr^9 • ̂  h®rbicides is consumed by the process and is 
nnmi^nn = H 4- tr- moisture in the product. ViChem ceased 
of th«? :reaiing 9r°undwater in July 1987 with the consent 
treaVl •.* wastewater treatment plant now reportedly 
treats only storm water runoff on an intermittent basis. 

8518b 1-13 



The herbicide manufacturing process produces approximately 1 107 
tons of waste by-product salts each year. These wastes have an 
EPA hazardous waste number of K 031 and are neither treated nor 
disposed of at the site, nor stored on-site for more than 90 
if™ * ? . f.ai.ts .are transported by licensed shippers to 
licensed facilities in Ohio and Michigan for disposal. 

1-2.2 Site Hi sto^-y 

ViChem began manufacturing organic arsenical herbicides and 
h H —Plant in approximately 1949. In addition to 

hlltrherbicides, the company also produced cadmium-based 
TabiiC1i V 3 "t** oth®r inorganics such as lead and mercury 
Sto«d at theTiChem pla„\St 0£ Chemlcala manufactured, or 

As early as 1966, the NJDEP observed the discharge of untreated 
TntoeW^!rS 7th unacceptable arsenic concentrations (67 mg/!? 

nnlmed lagoons. An unknown quantity of arsenic 
rapidly infiltrated the groundwater from the lagoons On 
February 8, 1979, ViChem was ordered to install and provide 
industrial wastewater treatment and/or disposal facilities The 
Harch"a9lor. treatment "°rks dia become operational untU 

Waste salts from the herbicide production process were stored on 
L£ f !IhS0^t0tlletPllaS °" the soi1' in the concrete lagoon 

(which at the time was unlined), and in abandoned chicken 
coops on the plant property. The storage of salts in piles was 
observed in April 1970 and in the coops in April 1973 Thele 
salts reportedly contained one to two percent ar<5onii-
(Woodward-Clyde, 1985). As these salts have a high solubility 
precipitation contacting these piles rapidly dissolved the 
groundwater .rying " Unkn0wn quantit* 0f arsenic ^ t£t 

Between 1975 and 1976, ViChem was "fixating" the waste salt* fnr 

the^/ied^saltl with^ Landfi.111> .,The Process involved mixing cne dried salts with ferric chloride and soda ash, reportedlv 
theUKin9ButeLftdfilllltyi Jhe. Process waS Stopped in 1976 when 
wasted the fitted?t0PP?d all chemical wastes, the fixated salts included. ViChem then resumed pilina 
the untreated waste salts on the soil surface at the plant site. 

J«T,TLU-rt: ?rde!:1_ issued on January 26, 1977 required ViChem to 
then sToVeZ%he HWaSte-SaltS fr°m th® chicken coops and piles, 

another orderwas i^s ued*1 for the s^ore^Hn 

nSf^ty^Vun/XUar di— °£ these drums were 

Currently, the waste salts and the sludge from the wastewater 
eatment systems are stored in large-capacity trailers and tote 

bins. The tote bins are filled at -the point of generation 

8 5 1 8 b  1 - 1 4  



in the manufacturing buildings, and then emptied into the 
NJ?P believes that releases from this system are 

unlikely. The salts and sludge are transported to the licensed 
four mentioned above. During peak production, as many as 
four or five trailers are filled and removed per week. 

PboV>9"Pbs provided by the USEPA's Environmental Photo-
nf°.rmation Center (EPIC) and conversations with ViChem 

employees indicated several possible locations of past 
contamination. The cleared area in the southwest corner of the 
site shown as a "former outdoor storage area" on Figure 1-5 used 
1975 andCMarch C°°PS' Sometime between November ana March 1979, both coops were destroyed. These rnnnc 
were reportedly used to store process chemicals and/or waste 
groundwater This ^re?® C'°°PS a®"® i>ercol«ed into thi ytounawater. This area is now devoid of veapfaUnn 
Photographs show many locations containing mounded material 
the plant"road "n" W®r.® °bs?™ed i" the lagoon area a?d a!ong the plant road. The waste salts wee reportedly mounded so hiah 

that the salta apiiLj ^ 

w«ey repirteS!v°rii9„inal 'd00", °£ th® buildings wereTricKani! 
aiif reportedly in need of repairs several years aan 
Allegedly, when the old bricks were removed, the soil contained 
crystalline waste from the previous soills n- ie u 

ssss-a4 trjrzm, ̂  

b? r?hI°nNjDE? " vf°- A^}"ist"tiVe Consent Orders issued 

these soils in the clearing by well cluster FW I «; =>«,* • 
the manufacturing area; installing a storm water'runoffrnii^9 
tion system; removing the piles of waste S!its U *3" follec-
groundwater pump and treat Ufpl ?n!i J?' A installin9 a 
treatment plant. Modifications to ng, tbe. wastewater 

properly disposiiuf o£ SySt®m' and 

P^^feTe/iUs?IedStaf th^ Vicfem S'SW 

downstream sediments and surfacewaters. groundwater and 

8518b 1-15 



1-2.3 Permit Actions 

On December 2 1985, the USEPA informed ViChem that its interim 
status for the lined RCRA. impoundments was terminated as a 

u- °n November 8' 1985 because of failure to comply 
™™JeC^?V??5i6>2 °f RCRA* The USEPA determined that thJ 
f?nan^Li failed t0 certify compliance with the applicable 

a/s.u.ranc® requirements for closure and post-closure 
care, (b) failed to certify that required liability insurance 
was ever actually obtained, and (c) failed to certify the 
preparation of a groundwater monitoring program meeting the 
requirements applicable to interim facilities. The company was 
to cease placing hazardous waste into the two lined lagoons. 

RrSelr!bftte(!'aP^iCationS for RCRA and NJP°ES permits. The 
RCRA permit application was for storage of hazardous wastewaters 
in the two lined lagoons. The NJPDES discharge to groundwater 
permit application was for discharge to the unlined lagoon UL-A. 

1986' the NJDEP advised ViChem of its intent to deny 
k • 4. .RCRA and NJPDES permits. The technical and 

NTDnSJ ative bases for the tentative decision to deny the 
?and? permit are:. (a> the discharge of 200,000 gallons per day 
(gpd) of non-contact cooling water into the unlined laaoons 
increased hydraulic gradients, thereby forcing contaminanted 
groundwater deeper into the aquifer and furthe? off-site" and 
criterion of' oTs mrf/i % Wer® un?ble to meet the discharge criterion of 0.05 mg/1 for arsenic. The technical bases for 
denying the RCRA permit application were inadequate closure 
post-closure, and liability assurance requirements and a A 
basiIqifore denT^3^^0^^1119 pr°9ram- The administrative basis for denial was the failure to submit a complete hazardous 
The NJPDES DerSit^h applicat,ion. 9iven adequate time to do so. 
ViChem Permit has been denied, but is being appealed by 

1-2.4 Previous Investigation.^ 

the° NJDEP8'offi^mb„V c°£- StUdies, have been performed by or for 
watershed and at" thl vfchSTpift sltV/^viSemlts^/^fs RaIso 
plant?'"*3 50me lnvestl9ations into the groundwater plume at the 

BlackJIte3"3 Branch 'andNJtDhP i.nitl.ated ? samPling program in the oiacKwater Branch and the Maurice River downstream from 
tions • <-v,reSMltS- showed that the sediment arsenic concentra-
within 'the state" o? 1"", ™er® the hi<3hest observed anywhere 

sediments Elevated = • Lake stored ""nic-contaminated 
sediments' as^f "£!.-f0UJ* ln 

approximately 36 river miles" downstream5. 'Sao^e Srse^c 
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concentration in the surface water decreased downstream from the 
site but did not reach the Federal Primary Drinking Water 
Standard for arsenic, 0.05 mg/1 or 50 ug/1, until 26.5 river 
miles downstream from the ViChem site. 

In 1978, ViChem commissioned a surface geophysical survey of the 
w w, direction of the NJDEP. The survey noted areas of 

probable contamination being the lagoon area, the area north of 
the lagoons to the Blackwater Branch, the former outdoor storage 
area shown on Figure 1-3, and along the plant road between ?he 
former outdoor storage area and the lagoons. The report also 
shallow and the HP^°b?blC groundwater contamination was 
shallow and recommended locations for installing extraction 
WcllS• 

In 1 9 7 9  NJDEP sampled soils in the ViChem plant area. Samples 
were taken at the surface and at depth. The study showed 
arsenic concentrations ranging from undetected to 864 mg/kg at 
various locations in the plant area. 

In 1981, the NJDEP performed a surface geophysical survey of the 
Plant area The study identified two areas of probabll o?ounSf 
water contamination, one northwest of the lagoons toward the 
Blackwater Branch and the other near the former outdoor storage 
"a;nn,Tahme study estimated that the probable maximum depth of 

the contaminant plume was approximately 40 feet. 

1982i vjChem commissioned a groundwater investigation of the 
I i- study' PreXlous investigations were reviewed and 
a scheme to remove arsenic from the contaminated aquifer was 
proposed This study included several sets of watSr qualit? 
data. Approximately four and a half years of monthly arseni? 
concentrations at ViChem well MW-1 were presented along with 
marked drriD fhWe MW~6 9nd MW'1°- These data showed a arked drop in the arsenic concentration in the groundwater 
between 1978 and 1981. The study also presented monthly levels 
of arsenic in the Blackwater Branch at Mill Road and in the 

6r the Aimond Road weir. The study postulated 
the arsenic load at Mill Road was very similar to the 

L eltLlly J0®*'" implyin9 that the "ver system was 
The studyreviewedprocesses^or^rsenlcT^leanup°at 
con?^Uef soU YeThTnV" ̂  tteat Pr°9rain alon9 with 

In 1982, an employee of ViChem was diagnosed as having subacute 
arsenic poisoning. The New Jersey Department o Health S 
Toxicity^at "^0""S®ct^onal Evaluation of Arsenic Exposure and 
«-hfi i the Vineland Chemical Company." The study revealed 
that employees had elevated arsenic concentrations in their hair 
arsenicintrioxide°dlyf exhlJj;ted ™inor symptoms associated with 
result of th^ c 0r\.u Skin and mucous membranes. As a 
ir^.^4-- this survey, the arsenic handling practices in the production facility had improved. m tne 
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1"° S,tn?«eS were conducted by the NJDEP and Rutgers University 
from 1980 to 1982 in Union Lake. The studies showed t£at SnJon 

chemically stratified during the summer. Thii 
h^I! C?l0nt creates seasonal anaerobic conditions in the 
bottom sediments, which are conducive to the formation of toxic 

™C°m?>0,tndS fr°™ the confcaniinated sediments (NJDEP, 
1J. J'. Th5 Rutgers University work included sampling and 
analysis of water and sediments, as well as speciation of 
arsenic [trivalent (As III), pentavalent (As v), monomethyl 

<M?Ai 3nd a1""*1*1 arsenic acid (DMA^)(^ust 
1983)]. This study concluded that the waters and bottom 
sediments were highly contaminated with substantial quantities 
of arsenic, and that total arsenic concentrations in all lake 
of 50 fm/? TnXCe^Sd !:he ^DEP 3nd EPA drinkin9 water standard 
! • sediments, the order of predominance of the four 

arsenic species (in descending order) was: As (V) As ( T T T N  
MMAA, DMAA. in four Of the sediment samples, the inoralnic 
arsenate was between 73% and 88% of the total arsenical 
species. In water, the order of predominance was MMAA, As 
(III), As (V), DMAA. The results of the sampling efforts 
revealed a seasonal pattern of arsenic concentrations within the 
lunLr^Z1^ thG> neatest concentrations occurring during the 
summer. Additional NJDEP sediment sampling near the spillway 
area of Onion Lata in Aprii 1986 aglin showed I zs ln i l  
contamination within the sediments and indicated that 
contamination within the sediments was a surficial phenomenon. 

In a 1983 to J.985 study by Rutgers University (Winka, 1985), it 
was shown that arsenic may exist in many species in the 
watershed, and that these species may be transformed by changes 
lLPhYl1Cal C0ndltl0n and season. Results indicated that within 
of the totpi° amn in°rgan.ic arsenic species may be one half 

the total arsenic. Arsenic was not easily solubilized under 
that t condltlons- .The concern raised by these findings w!s 
Take W?hn an an?eroblc condition develops on the bottom of Union 
As^ (ill)eandSAns1CrvTtld be rea?ily converted into the more toTc 
released to the ̂  *' i Th® m°re t0xic forms could then b* 
= w = ?a?d * i water column upon seasonal turnover of the 
stratified layers. However, as these compounds are extremely 

they expected to precipitate back to the lake bottom within a relatively short period of time. 

the^ha'n71011®111 commissioned a pumping test to be performed on 
te?t « ow.aguifer underlying the lagoon area. The pumping 
test estimated a transmissivity in the shallow aquifer of 
b̂ TfL̂ .'oT 9Pd/£t' and 3 coefficient % 

tS the5'NJDECphem TheC^nf?r\B pe.rmit application was submitted 
4. .i e aPPllcation included a description of the 

wastewater and groundwater handling, and a description of the 
wastewater treatment process and facility design.Theapplied 
thentoxicitvCifdthedataf-0n the production rates at the plant and 
the Bl^kwaLr Branoh^t-h ghen,erated* Arsenic concentrations in BiacKwater Branch through time were also presented. 
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In 1986, ViChem commissioned a pumping test to be performed in 
the deeper groundwater below the site. The plant's production 
« ih screened from 130 to 165 feet below the ground, was used 
as the pumping well and a deep monitoring well was installed in 
the lagoon area. The pumping test was conducted for 24 hours, 
several thai i6VelS measured in the deep monitoring well and 
several shallow monitoring wells near the discharge in the 
lagoon area. The report concluded that the "clay laver " 
rK1?0Jt?2ly em:°untered from 120 to 135 feet below the ground and 
which the production well is screened below, acts as a confining 
layer and prevents downward migration from the overlyinq 
aquifer. However, Ebasco's review of this pumping test data 
revealed that there was significant leakage across this "clay 
layer during the pumping test. 

The USEPA's Environmental Photographic Information Center (EPIC) 
produced a report in March 1988 on the ViChem site. The report 
presents an aerial photographic analysis of the ViChem plant and 
surrounding area. The first photograph presented was taken in 

*951 and the last was taken in November 1987. A total of 11 photographs are presented. 

Among other things, the analysis of the photographs shows areas 
Riari, ? D10n Damage' and "Vegetation Stress" along the 

nf Vh Brai?ch beginning with a September 1979 photograph, 
and all nf Phot°9raPhs show vegetation damage or stress, 
and/or stress. Photographs show some vegetation damage 

B?anch°f thhJl da™aged "eas are in the portion of the Blackwater 
Branch that was inundated with water from the beaver dam 
after^pril6 leVs"" Tf n0tv, constructed until some time after April 1985, much later than the first indication of 
vegetation damage/stress. A topographic base map for the site 
?n it-* ow,n V1 APri1 1985 shows the Blackwater Branch flowing 

4- 4-K°rm^ channel at that time. It should be pointed out 
that the damaged/stressed areas are coincident with the 
contaminated groundwater plume coming off the ViChem site. 

In 1988, the USEPA's Environmental Response Branch prepared a 
bioassessment on the Blackwater Branch and the upper Maurice 

h;n.Jhe report concluded that there was an adverse impact to 
the ViCheiT oTa'T Jhf th? ®1tckwater Branch downstream from tne vicnem plant. The impact takes the form of lower species 
sediments ^The \dX1C res-ponse in bioassay tests done with the sediments. The adverse impact on the Maurice River is less 
however, probably resulting from dilution. This report is 
presented as Appendix L to this report. 

the auSEPA°n OMD .^H ebT0Ve studies' Ebasco, under contract with tne USEPA, prepared Rl reports for two portions of the ViChem 
1989e> PertinlntP1faind-Site fand "fw0" Lake' <EbasC0' 1989a and 
a?eaf are as follows: 95 °m theSS " reP°rtS t0 the river 
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0 T?e^ is a heavily contaminated arsenic plume in the 
shallow groundwater underneath the site, within an 
aquifer termed the upper sand in the plant RI report. 
No arsenic contamination was seen below the base of the 
upper sand, ranging from 40 to 70 feet below the ground 
surface. A unit termed the banded zone, which contains 
clay laminae, was found at the base of the upper sand 
and apparently prevents the downward migration of arsenic. 

° 9toundwater in the upper sand discharges into the 
Blackwater Branch and thus provides the arsenic flux 
into this stream and the Maurice River. 

This is based on several observations: 

(1) There is an upward hydraulic gradient on both sides of 
the Blackwater Branch. 

(2) The groundwater flow direction is from the plant area 
toward the Branch. 

(3) The groundwater between the plant and the Branch is 
contaminated with arsenic, but no arsenic contamination 
is seen in the groundwater across the Branch from the 
S 1 •  

(4) The Blackwater Branch shows elevated arsenic 
concentrations below the plant, but virtually 
undetected concentrations above it. 

o Union Lake is contaminated with substantial quantities 
f^Seni^' ?he mean dissolved arsenic concentration 

iL % ? f 1S .aPProximately 56 ug/1, which is above 
the Federal Primary Drinking Water Standard for 
arsenic, 50 ug/!. The mean arsenic concentration in 
the sediment is approximately 74 mg/kg, which is 
significantly higher than the background arsenic 
with6 fhl irL thJ* Maurice River above the confluence 
with the Blackwater Branch. The highest arsenic 
mg/kg11 detected in the sediments was over 1,200 

1.2.5 Community Conpprns 

Priomlis Ti!t epa TSem 1"/ was added t0 the National riorities List, EPA implemented a community relations Droaram 
/n r-are?/eSidentS about the Superfund related Activities 

and obtain their input. Community concern increased from 
relatively high and also became more specific. The 

involvement of organized environmental groups generated media 
attention and increased public awareness of the site. 
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As a result of EPA's community relations activities, five maior community concerns were identified: major 

0 arounflwahar riSkS fr°m ®xP°sure t° contaminated 
groundwater because some of the residents relied on 
groundwater for potable water; 

° «Urf^oheaith .risks from exposure to contaminated 
surface water because local rivers and lakes are used for recreation; 

° F£ustration over the perceived lack of remedial action at the site; 

o A perceived lack of cooperation on behalf of Vichem 
during the remedial response process; and 

o A perception of inadequate information from NJDEP. 
1.3 REMEDIAL INVESTIGATION STUDY 
1.3.1 Initial Activities 

iSit,iai,tasks 0f this Work Assignment were the development 
of a Work Plan Memorandum, a Work Plan, and a Field Operations 
Plan (for both Phase I and II) for the RI/FS. The Work Plan 
Memorandum presented the scope of the program and the estimated 
schedule and budget to perform these initial tasks. 

wa^Dprfnrmofl Preparation of project plans, a site walk-through 
s performed to familiarize the investigators with the site 

determine possible sampling locations, and obtain information 
for developing the Health and Safety Plan. Existina info^aMnn 
and Prior reports prepared by ViChem and the NJDEP were also 
ISIS? '  «  ! 0 l l O W i n 9  f c . h e  S i t e  Y i s i t  an* the evaluation of Jhe 
in order ,.a ' potential remedial alternatives were identified 
m order to scope out the field sampling and analyses DroaJam 
and to specify the appropriate levels of data quality required. 
1*3.2 Field Investigation 

t5"ph'aseiiel Ph«»eSTt:iflation the River Areas was coniucted in two phases. Phase I was conducted in June and July of lQRfi 
Surface water and sediment samples were obtained from 
* ̂ water Branch and the upper Maurice River above Union Lake 
oindiioVTd^ ® sampling performed below Union Lake. Phase II was 
conducted in June, July, and August of 1987. Surface water and 
and*t-h!a SampltrS W®r® again obtained from the Blackwater Branch 
and the upper Maurice River, and in addition surface water aSd 
hf?imen • a®"1)?1®3 were obtained from the lower Maurice River 
was conducted3 in' boVVh Delaware Bay* Limited biota sampling both the upper and lower Maurice River The 
sampling programs are discussed below and in Section 2. 
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Phase I 

The main objective of the Phase I investigation was to reoeat 
sampling at stations in the Blackwater Branch and the upper 
Maurice River that showed elevated sediment arsenic 

•ratl°58 An the 1979 sampling effort by the NJDEP. The 
l^l°cnS °f the * 1979 samples, and the analytical 

are presented in Appendix M. Additional objectives 
broadenina K back9round arsenic concentrations, oadenmg the data base, and testing equipment and field 
procedures to plan the Phase II effort. 

«Ce ,"ater and sediment samples were obtained from a total of 
14 sampling stations in Phase I. The design of the program was 
to obtain core samples from most stations, however limited 
sample recovery at depth was realized. Therefore the field methods were modified for Phase II. rieia 
Phase II 

The objective of the Phase II field program was to obtain 
sufficient data to perform a semiquantitative risk assessment-
in i ltudy for Potentlaily contaminated s^iments 

1L B1?ckwater Branch and the upper Maurice River. In the 
lower Maurice River, the objective was to obtain sufficient data 
at Stations ' "f*1 a,ss.essment • Samples were obtained at stations that had elevated arsenic concentrations in 
diffmdSbetweet?eth2J?EP "l* StudY' The sampling methodology 
the differing data needs:por of the •*** area according to 

o Blackwater Branch and Upper Maurice River 

(1) Sediment core samples were obtained from the Phase 
L^»ifn£Vv?ndft0It several additional stations to 
estimate the depth and spatial distribution of 
contamination in the sediments for the FS In 
^«M^naSe^v,tW° C1°res were obtained from' each 
station, with samples obtained from 0-1, 1-2, and 

T within the sediment column from each 
core. In many of the upper Maurice River stations 
more cores were obtained, up to seven at a 

1"lpr?ve the quantity estimates of potentially contaminated sediments. 

<2> vLater flows were obtained concurrently 
with surface water sampling to estimate the 
sinn?1C !q°ad the system' and were measured on a 
single day to determine the relative flow 
magnitudes within the basin. 

(3) Fish samples were obtained to provide data for the 
"5 inSestion PathwaY for the semiquantitative risk assessment. 

8518b 1-22 



Lower Maurice River 

(1) Sediment grab samples were obtained with a dredge 
to determine the surface sediment arsenic 
concentration at stations that had elevated 
arsenic concentrations in 1979. The sampling was 
confirmational, not designed to give detailed 
estimates of contamination quantity. 

(2) Surface water samples were obtained concurrently 
with the sediment samples, but flows were not 
obtained. Surface water samples were taken with a 
Kemmerer sampler to determine the water quality at 
depth in the water column. Surface water samples 
were obtained at the surface in the Blackwater 
Branch and the upper Maurice River because the 
water was shallow (less than 3 feet deep). 

(3) Fish samples were obtained, as were samples of 
crabs and oysters, because the latter two are 
common in this estuarine system. 

«^iwPhaSe 11 sed*ment and water samples were split with ViChem 
T?n£enrnerH° declined to participate in or observe the samp
ling procedures. All splits were prepared in the field by Ebasco 

' 0 ?llled the appropriate ViChem-supplied bottles 
appropriate sample aliquots. Ebasco logged and labeled 

vich^m L i5-' a trans*erred custody to ViChem periodically. 
oysters vichem ,rec®lve s?Ut samples of the fish, crabs, or oysters. ViChem did not receive split samples in Phase I. 
1-3-3 Bench-Scale Trpatabilit-y Studios 

To evaluate the applicability and suitability of technologies 
remedial action, two bench-scale treatability tests were 

performed. The first was chemical fixation of arsenic in 
sediment! ^ S6C0nd was chemical extraction of arsenic from 

a^senif1"?^ ati°i1- teS} W3S Perfo™ed to confirm whether the 
Ihllun k I sediment could be chemically stabilized or 
physically bound to the sediment, such that total leachable 
ilSenlC,A a S .reduced t0 a level below the EP RCRA Toxicity Test 
was^assumed LaTVh- At the- "me the tests — perfor^6^ was assumed that the arsenic contaminated sediment would bp 
considered nonhazardous and could be suitable for disposal in a 
nonhazardous waste landfill if they achieved this llvel 1 TeltIT)°l °£ th6Se tests an,S their cesults are presented in 

performhanceCaldata"tnnaCtahn tasta .were Performed to obtain 
i f 2 the extraction of arsenic oxides and 

c?iteJiJn establiahed°Xfide%v, fl?m sediment- The performance criterion established for the tests required that the treated 
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sediment contain a total arsenic concentration below 20 mg/ka 
l? conside.rfd to be the background arsenic concentration 

assumed -?01f-V At the time the tests were performed it was assumed that if the sediments achieved this level, the treated 
sediments would be considered nonhazardous and could be suitable 
for disposal in a nonhazardous waste landfill. The extraction 
tests and results are described in Section 7.2. 

Subsequent to these tests, the USEPA issued guidance on the 
criteria for nonhazardous disposal of the treated sediments 
(fixated or extracted). These criteria are discussed in detail 
in the River Areas FS (Ebasco, 1988d). 
1.3.4 Risk Assessment 

oenHhofl ss6ssmen t was performed using the basic methodology 
(USEPA lOftM na)-.UP? f-P,U}'lic Heallh Evaluation Manual 

J m field sampling (see Section 2 for 
i W6r^ US t0- evaluate exposure estimates for local 

** recreational users of the rivers. Exposure 
Subsection3? 3. aSSUmPtl°nS US*d ar® described in ^tail in 

R^an^hPeSa°/ ri4.1k assessments were performed. In the Blackwater 
Branch and the upper Maurice River, a semiquantitative 
assessment of the health risks to potentially exposed 
?iskJ In"*5 WaS prepared- . This method attempts to quantify 
standards iTYh* populatl°ns .and compares them to known standards. In the lower Maurice River, a qualitative risk 
assessment was performed. Risk calculations were not performed 
m^i^XaP+°-SUrie patbways and contaminant levels were evaluated to 
populations^ evaluate the potential health risks to exposed 

1.4 OVERVIEW OF THE REMEDIAL INVESTIGATION REPORT 

This RI report is comprised of eight sections. The Introduction 
Section 1.0, provides background information regarding site loca-
cia?oef I**510*™**?' facility history and opeSatiw? wa??e dis
charges, and community concerns. The nature and extent of the 
fh?c m' *.as ldentlf ied through previous studies, is presented in 

-0n* A summary of the RI' identifying the activities of each major component, is also provided. 

description0of Ar®a Invesbigations, provides a detailed 
iPfPPmPtiPP f L T areas field investigation and general information of the demography, land use, climatoloav and 
cultural resources in the vicinity of the Maurice River. 

Section 3.0, Physical Characteristics of the Study Area 
J Zi 2 a dlsc^ssion of the surface water flow characteristics 

river^s fYood6 111**' present.s a water balance and discusses the river s flood plain, presents a summary of the qrain sizes of 
the sediments and the types of soil near the river, and 
identifies the types of biota sampled during the investigation. 
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typerna„V°ievNê UreofancaonEtatmlnntan?sf £he 
sampled during the Rl. various media 

geochemistry' anTothef fart«sP°Sat°£- Arsenic' describ« the 
the main coStamina^lound"ulhe? Wr^yTtem th* m°Vement °£ 

S:HivS£ 
.̂5̂ «ff¥S7̂ ,ti?SsSv1-5S3K: 

Section 7.0, Bench-Scale Treatabilifv tqc-+-c results of the treatability studies perfLmed on the'sedlments^6 

r̂Su1S£iSiDfeSv»,S?'Ss? remedial response objectives. work, and recommends 

This report contains 12 appendices: 

Phasrff-eld ":esMg^ioL.analytiCal d"a £rom 

Appendix B presents the Phase II analytical data. 
Appendix c presents water balance calculations. 

callSaUonl PreSe"tS "» PhaSe 11 flow rate 

Appendix E presents the risk assessment calculations for 

fixation "SUltS °£ the -diment 

extraction treat "bflity studies'."7 reSults o£ the sediment 

transport ̂information^for^'uie^m/in 65 T 9enecal £«e and the river areas n con£aniinants found in 

sediment cJre "rVellic conVenTrations5"560"0"8 showin9 the 

correlations be^eeT'arse^ic"^1 r^nT °-' the 
within the sediment samples obtained'in™^ river ""a""" 
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Appendix K presents some water quality analyses performed 
for the City of Millville's public water supply system. 
Appendix L presents the biological assessment of the 
Blackwater Branch and the upper Maurice River prepared bv 
the USEPA's Environmental Response Team. 

Appendix M presents the NJDEP's 1979 surface water and 
sediment data from the Blackwater Branch and the Maurice River. 

Va 
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2.0 STUDY AREA INVESTIGATIONS 

2.1 SITE FEATURES INVESTIGATIONS 

T J? Y7abtr Branch flows approximately one and a half miles 
fh^n f?S hem P^an^ to the Maurice River. The Maurice River 
then flows approximately 7 miles south to Union Lake which is 
approximately 2 miles long. The Maurice River flois 
Bavr°X1Tht tnyfa2i5 nmil-eS S°U^h ^r0m the Union Lake dam to Delaware 
th^'noi total drainage basin area of the Maurice River above 
the Delaware Bay is approximately 380 square miles. 

°^nthe si.te feat.ures investigation for this Rl was on 
t1 /mages in proximity to the Maurice River. Following 
JfJl-A1- evaluation of 1980 census data, the lack of block 
statistics for individual towns caused the investigation to 
include the entirety of Census Tract 101, Maurice River Township 
and Census Tract 102, Commercial Township. 
2.1.1 Demography 

M???1??! Rlve.r "Township is located southeast of the Vineland -
A1 metropolitan area and is bordered by the Maurice River 

on the west, Atlantic and Cape May Counties on the east Ind 
! Jware Bay on the south. The township encompasses a total 
land area of approximately 94.7 square miles, making it the 
largest township division in Cumberland County, and has a total 
represents a 22I" • <U'S' BU?*,U °f CenSUS' "»«>• »is nJSSjJ represents a 22.3-6 increase in population over the 1970 census 
Maurice River Township encompasses 18.9% of total Cumberland 
County land area and 3.4% of total county population making 
Maurice River Township the second least densely populated 
™™f1aPreW a to^ferJan?,nC,°UnJ:y (U'S" Buteau °f Census 
4-U u- ^ total of 1202 households within Maurice River 
township, and 100-s of the township is classified as rural (u s Bureau of Census, 1980). eQ as rural (U-S-

fhor°Rfima-telyD-80% °-f the P°Pulation reside within one mile of 
the Maurice River in, or in proximity to, the town? ofPort 
Block ®r.lcksboro' Dorchester, Leesburg, and Heislerville 
Block Statistics were not available for the aforementioned towns! 

thrvinilinrMn?^!'! CenAUS TraCt 102' is located southwest of 
MsnrfA D- metropolitan area and is bordered by the 
Mai River on the east, Downe Township on the west and 
Maurice River Cove on the south. The township encompasses a 
fifth laraest- a«r°,?ima«lY ."•» square miles/ maMng" it the largest township division within Cumberland County, and 

Ci 
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has a total population of 4,674 (U.S. Bureau of Census 1980) 
This number represents a 27.5% increase in population over the 111* »nHSU-f*«, *Sf f\9UreS rePresent 6.8% of total county land 

• i n? o£. total county population, respectively, making 
Commercial Township one of the most densely populated divisions 
within Cumberland County. There are 1,583 households within the 
township, with 67.4« of the township classified as rural and 
32.6% classified as urbanized (U.S. Bureau of Census, 1980) 
Approximately 80< of the population live within one mile of the 
Maurice River in, or in proximity to, the towns of Brickshutem, 
Mauricetown, Port Norns, and Bivalve. 
2.1.2 Land Use 

Maurice River Township and Commercial Township are located in 
I * poFtion of Cumberland County. The townships 

are bordered by Vineland and Millville to the north the 
Delaware Bay to the south, Cape May and Atlantic Counties to the 
east, and Downe Township to the west. Maurice River and 
Commercial Township are separated by the Maurice River, with 
Maurice River Township located to the east of the river. 

?mri,CneHR^?r7OWnShip.-is c,on,P"sea of approximately 25% Public 
River Town^hfo 7SerVa o°a- <C) land' accorain9 to the Maurice River Township Zoning Ordinance No. 303, July 1982. Principal 
uses for land zoned as Public and Conservation are: water 
forest, and wildlife conservation areas; agricultural or 
forestry research centers; parks and playgrounds; and other 
similar recreational uses. The following is a list of these 
areas throughout Maurice River Township. 

in3'Si1h^Vlg1olet-hFi5h Management Area - situated 
in the southern portion of the township bordering the 
Maurice River and Delaware Bay. The area consists of 

26u2 -Cres 0f wooded bay shore land and is 
preservation.0 hUnting' fishin9' hiking, and wildlife 

9n<? V!i.1(1Ufe Managemient Area - situated on the 
Delaware Bay adjacent to the Heislerville Fish and 
wildlife Management Area. The area consists of 
ana^etlana parcels^"62' WhlCh "6 dlvided int0 woodland 

Tr;rshiTPnrt ine^tin 
aCreS' which are Seated to hunting? ishing, hiking, wildlife protection and water 

conservation. Lei 
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Beileplaxn state Forest. Cape May County - situated in the 
extern portion of Maurice River Township and in adjacent 
Cape May County. The area consists of approximately 508 
acres of undeveloped forest in Maurice River Township 
dedicated to hunting and fishing. 

Other land use zone districts, comprising a lesser portion of 
size^l aire) Towns.hiP' includes Residential (R-l, minimum lot size 1 acre), Residential (R-5, minimum lot size 3 acres) 
General Industry (M-3, minimum lot size 3 acres), Light Industry 
(M-2, minimum lot size 2 acres), and Resource Industry (M-l 
minimum lot size 5 acres). The Bayshore State Prison Farm' 
located outside of Leesburg, is zoned as Public (P) land 
^"U^Vac'/es.1982 °rdinanCe' encompasses >a 

Commercial Township is located immediately adjacent to the 
Maurice River on the west. According to the Commercial Township 
Zoning Ordinance No. 79-190, February 1979, the township is 
comprised of approximately 60% Residential Agriculture (R-a 

minimum lot size of 1 acre for Single Family units, and 5 acre^ 
sL% 3™ res? and 26% Commercial Recreation <CR. minimum?? 

Commerciale^Townstiip has two major Commercial Recreation (CR) 

Fi?Ih Wildlife Manaqpr^t _ Bayshore 
"on the Delawa? Te?" 

^U ^TeLr̂ 11 a"eS °£ "^-lopea fish.0™ and 

Edward C, Sevan Fish and Wildlife Mar.*nement Area _ this 
area comprises portions of Lawrence DownT MillvUle^ anl 
Commercral Townships with approximately 4,000acres 
!a rur, T1"'1 Township. The Edward C. Bevan Fish and Wildlife Management Area is one of the largest fish 
and game areas in the state. This mostly wooded area is 
used primarily for hunting and fishing. 

Land use zone districts comprising the remaining (14%) of the 
township include Residential R-l (minimum lot s*ze o 5 acres> 
size 15 acres') and Tounhouses, minimum lot 
acres), and Industry-General Wo? mini^ To"™ 5°acres?. °'5 

 ̂ .isr £ 
these* lV 698 ̂ c^es^h Wil<Jlife management' Approximately 10%"f 
SS Xg'.ZlZ.rZfXL f/cfu £e?dwiatahineiSeerstbateCkifN° 
Jersey Coastal Area Facilities Review Act (CAFM, boundaries 
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Jnw„ah1«ti2n' /PProx|^tely 90% of the land in Maurice River 
Township zoned as Residential (R-5), General Industry (M-3) 
land in roSlry M~i T  and Resource Industry (M-l), as well as land in Commercial Township zoned as Residential (R-l, R-2) 
Business (E-i) and Industry-General <i-G), lie within one mil4 
sLth to f-HS ° the Maurice River from Laurel Lake south to the mouth of Delaware Bay. 

Both Maurice River and Commercial Townships are served by one 
principal arterial, NJ state Route 47, as well as a network o? 
principal county roads. This network connects with other manor 
and minor arterials to serve the areas directly north consistina 
of Vmeland-Millville-Bridgeton, which 7 provide "aiS? 
transportation links to other major north-south transportation corridors in the Philadelphia-Camden area. transportation 

KS Provided in Commercial Township by Conrail and 
in Millville by the Pennsylvania-Reading Seashore line Limited 
Airport air service is provided by the Millville 
M M ? M J  located north of Commercial Township, just south of the Millville Central Business District. 
2•1•3 Natural Resources 

J? i187 fed®ral legislation was enacted authorizing the 
study of the Maurice River, as well as other CumberlandCount? 
RivStt'sysStem ntial additions to the National Wild and Sceni? 

Wilt and Scenic Rivers Act (Public Law 90-542) 
atp nrnf- S * framework whereby the nation's outstanding rivers 
relatively f?4e fLeh9lblhty requirements, the river must be 

;u'rs 

ar* a Publlc <p)' and Conservation (C). These areas 

n^?a„"rtte.rs^edk 0p/n space and wetlana zones contain intertwined 
upland and hardwood swamp forests and freshwater nontidaT 
wetlandsm wxth the forested areas consisting of IroaS-Jeaved 
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deciduous trees, broad-leaved evergreen, and needle-leaved 
evergreen; and the emergent areas consisting of broad and 
narrow-leaved persistent and nonpersistent species, with soils 
predominantly sandy with organic horizons. 

The drainage basin open space and wetland zones of intertidal 
marshes ranging from freshwater to brackish consist of a blend 
pioneer^pec i es. nonPersistent' an^ vegetated and nonvegetated, 

Maurice River and Commercial Townships, specifically the open 
space and wetland areas in contact with the Maurice River and 
its drainage basin, support a vast array of vegetation 
wildlife, animal and reptile species, and fishery resources! 
Many species are listed on the Federal and State threatened or 
endangered lists. Table 2-1 provides a list of threatened and 
endangered species that are confirmed to inhabit or have 
historically inhabited the Maurice River and its watershed. 

n.°rt!1 °f tMauFicetowr*'  ̂the Muskee Creek area, is New 
Jersey s largest single stand of wild rice. Zinzania annates. 
which !s an important area for migratory stopover and 
overwintering of waterfowl. Between there and Mauricetown the 
thisaarL9rthUally <Thang.e from freshwater to brackish. South of 

area' the raarshes include a mixture of plants dominated by 
the rTver0^ grasf' Syrtina pelt antra virginica. in addition, 
the river s vast tidal mud flats, marshes, and high water 
in N^?hSaPP°-rt Jingle-largest concentration of shore birds 
in North America which gather enroute to the Arctic. 

The lower Maurice River is considered to be the most reliable 
oyster setting bed in New Jersey. The oyster, cialln^re! 
virqiniea, is a shellfish, which historically supported a maior 
industry in the area. Oyster production severely declined ^ 
However the" blight severely curtailed production. 

?I0lUd"th area'- Fisb°species historically ""inhabiting "thl ar« 
^Ji^n Shadn,erm|nMaStU-r,e0S! the. short-nose sturgeon, and the 

fnr 06 R"er 13 a keF """ery and spawning 
beware Ba? recreationally important species of thl 

2.1.4 Climatnlngy 

Seathlr1^^311010-^3. data W6re obtained from cooperative 
)afcions marnt31^ by the National Weather Service in 

T e"̂ reiâ t̂̂ t1 oa„tl°h" and |nd Bri<J9eton (temperature), 
ine vineland station has accumulated data since 1885. while the 
Bridgeton station has data dating back to 1894 

receives proximately 45 inches of rainfall per year 
msglt durernoa,nn9ea fr°m 3"46 inches in april t0 5.!! iss 
in August. During an average year, Vineland can expect 77 days 
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TABLE 2-1 
THREATENED AND ENDANGERED SPECIES 

MAURICE RTVER BASTN 

FLORA 

Sensitive joint vetch, Aeschvnnmpnp 
viroinira 

Parker's pipework, Eriocaulon parkeri 
Sedge, Carex barratt-i i 
Boneset, Eupatorinm resinoenm 
Bur marigold, Bidens bidenoids 
Butterfly pea, Clitoria marine 
FAUNA 

Bald Eagle, Haliaetus eucocenhalns 
Pergrene Falcon, Falco perearinns 

Pied-billed Grebe, Podilvmbns podiceps 
Least Tern, Sterna albifrnns 
Cooper's Hawk, Accipter cooporii 
Northern Harrier, Circus cvanevs 
Osprey, Pandion haliaetus 
Barred Owl, Stria varia 
Red-Headed Woodpecker, Melanerpeg 
ervthroeph^1 up 
Red-Shouldered Hawk, Buteo lineatns 
Boblink (Reedbirds), Dolichonyz orzlvorns 
Great Blue Haron, Ardea herodias 
REPTILES 

STATUS 

Federal 
Federal 
Federal 
Federal 
Federal 
Federal 

endangered 
endangered 
endangered 
endangered 
endangered 
endangered 

Federal & State 
Endangered 
Federal & State 
Endangered 
State endangered 
State endangered 
State endangered 
State endangered 
State threatened 
State threatened 

State threatened 
State threatened 
State threatened 
State threatened 

Co?n in l i t' State threatened Corn Snake, elaphequttata State endanaerpd 
SmnfhBarrrnS Treefr°9' andersoni i State endangered 
Ea^fprn"? ^ cr?efr°?' chrysoscelis State endangered Eastern Tiger Salamander, Amboystoma 
tiqrinum state endangered 
FISH 

Atlantic Sturgeon, Acioenspr fulvescens 
Short-nose sturgeion, Acipenspr 
brevirosfrpm 
American Shad, Alosa pseudoharengns 

State threatened 

Federal endangered 
State threatened <c 
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of precipitation in excess of 0.1 inches, with 30 of those days 
exceeding 0.5 inches. Mean snowfall amounts to 18.6 inches 
with the maximum occurring in February (6.4 inches). ' 
No temperature data are available for Vineland proper, but 
Bridgeton (12 miles WSW of Vineland) has a mean annual 
temperature of 54.7 degrees Fahrenheit. The mean maximum and 

an?u temperature are 65.0 and 44.6 degrees Fahrenheit, 
respectively, and the lowest temperature was -12 degrees 
Fahrenheit. The average growing season is 170 days, and the 
aVSrn9! Kate.Sc°f the last and first billing frosts are April it and October 25, respectively. 

Although detailed wind information is not available for the 
site, the predominant wind flow from October through April is 

Vu Fr0m May throu9h August the dominant flow 
the southeast6 SOuthwest' and during September the wind is from 

2.1.5 Cultural Resourrps 

Commercial Township is home to numerous sites of 
cultural/historical significance. There are 34 structures from 
lH Vn c-llS^ed °n the Cumberland County Register of 
Historical Structures and Sites. However, only one of these 
structures is listed m the official New Jersey Register of 
Places1 TableaC2% *ati.onal Register of Historical 
n  J E i *  J ?  l i s t s  h i s t o r i c a l  s t r u c t u r e s  r e c o g n i z e d  b v  
Cumberland County and the National Register of Historic Places. 
There are numerous sites in Maurice River Township with 
historical/cultural significance that are on the Cumberland 
County Register. However, none of these structures are listed 
on the National Register of Historic Places. Of particuU? 
interest is the Port Elizabeth Friend's Cemetery. A church 
built prior to 1709 no longer exists, but the cemetery is the 
Bodley9 ^ Sunder of Port Elizabeth, Quaker Elizabeth 

2.2 SURFACE WATER INVESTIGATION 

fi?ld investigation was conducted in two phases. Phase I 
took place m June and July of 1986. Phase II took placl in 
June, July, and August of 1987. The Phase I analytical results 
in6 Appendix B" ̂ nnend* A'Twith the phase " results presented in appendix B. Appendix I presents cross sections of t-hp 
stations sampled in Phase II showing the water depth. 

repeftisamDli>noeafiVe. 1* th6 sur1ace water investigation was to 
1979 Wnyaru L' previously sampled by the NJDEP in „ Secondary objectives were to obtain data for the Public Health Evaluations, and to obtain data to determine the arsenic 
load in the surface water system. tne arsenic 
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TABLE 2-2 
HISTORIC STRUCT! AND STTKR 

National Register of Historic 
Ceasar Hoskins Cabin, Mauricetown 

Year Construe^ 
Circa 1700 

Mauricetown Academy, Mauricetown 1860 
Birthplace of Dallas Lone Sharp — Naturalist 
Mauricetown 1862 
Marines Memorial Window, Mauricetown 
United Methodist Episcopal Church, Mauricetown 1980 
Site of Revolutionary War Battle of Dallas's 
Landing, Mauricetown 1781 
Captain Charles Sharp House, Mauricetown Circa 1862 
Cashier "Oyster" Boat, Port Norris 1849 
Iron Bridge, Mauricetown 1888 
George Compton House, Mauricetown Circa 1820 
Captain Samuel Sharp House, Mauricetown Circa 1862 
David Compton House, Mauricetown 1815 
Captain Isaac Peterson House, Mauricetown Circa 1868 
Benjamin Tomlin House, Mauricetown Circa 1880 
Samuel Compton House, Mauricetown Circa 1822 
Mauricetown Methodist Episcopal Church 1880 
Mosie Bateman/T. Buckaloo House, Mauricetown 1828/1862 
Seth Bowne House, Mauricetown Circa 1860 
The Farry House/Patty's Place, Buckshutem 1830 
J.E. Avis House, Mauricetown 1861 
William Henry Phillips House, Mauricetown 1963 
Vashti Sharp House, Mauricetown Circa 1872 
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TABLE 2-2 (Cont'd) 

HISTORIC STRUCTURES AND RTTFR 

National Register of Historic Plarps 
Port Elizabeth Friend's Cemetery, 
Port Elizabeth 

David Lorn House, Mauricetown 
George Fagen House and Store, Mauricetown 
Mauricetown Post Office 

Samuel Butcher House, Mauricetown 

Captain Charles Haley House, Mauricetown 
Captain Abel Haley House, Mauricetown 
Captain Alfred Haley House, Mauricetown 
J. Melton Compton House, Mauricetown 
Samuel Cobb House, Mauricetown 
John Bowen House, Mauricetown 

Daniel B. Compton House, Mauricetown 
Ichabod Compton, Jr. House, Mauricetown 

Year Constrnr-f^d 

1709 

Circa 1862 
Circa 1862 
1862-1876 
1799 

Circa 1862 
Circa 1876 
Circa 1870 
1880 
1853 

Circa 1862 
1857 
1812 
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2.2.1 phase i 

2.2.1.1 Sampling Locations 

In Phase I, 19 surface water samples were taken from the 
sampling locations labeled as ER- and shown in Figure 2-1. 
Table 2-3 lists the types of samples obtained and the analyses performed. 

Sampling was conducted at stations that showed elevated arsenic 
concentrations in the 1979 sampling conducted by the NJDEP. The 
criterion was to obtain samples at those locations where the 
sediment arsenic concentration exceeded that observed at station 
ER-6 on the Maurice River upstream from the Blackwater Branch confluence. 

Samples were obtained from the Blackwater Branch upstream and 
downstream of ViChem Plant and from the Maurice River upstream 
of the Blackwater Branch to slightly below Union Lake. Samples 
were also obtained from several Maurice River tributaries 
including Little Robin Branch, Parvin Branch, and Mill Creek. 
2.2.1.2 Sampling Methods 

Samples were obtained either at the surface of the water column 
°K i3! dePfch as shown in Table 2-3. In general the water was 
shallow (less then three feet deep), particularly in the 
tributaries to the Maurice River, so most samples were taken at the surface. 

Surface samples were taken with stainless steel buckets or 
beakers. Aliquots for the various analyses were poured from these containers. 

Water samples at depth were taken with Kemmerer samplers. The 
water depth at the station was measured, the opened sampler was 

1° the desired sampling depth, then the messenger was 
C a6Tthe sampier and obtain the sample from the desired 

these samplers1.^"0 various analyses were poured from 

The Phase I samples were analyzed for particulate and dissolved 
arsenic and iron. Some samples were also analyzed for 
inorganics and volatiles on the Hazardous Substance List (HSL). 
The aliquots analyzed for particulate and dissolved arsenic and 
iron were filtered through a filter with 0.45 urn pores in the 
eirhfiT milllllters <ml> of filtrate passed through 
each filter were discarded. The remainder of the filtrate was 
nnraleanTW'A0 acia t0 a pH o£ 2 or less- Both the 
arsenic and iroif analysis""* t0 3 CLP laborato^ £°£a£ 
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TABLE 2-3 

PHASE I SAMPLE SUMMARY FOR SAMPLES COI IECTED FROM 
BLACKWATER BRANCH. MAURICE RIVER. LITTLF ROBIN BRANCH. 

PARVIN BRANCH AND MILL ERFFK 

Sediment Samples 

Surface 

nj i 
tvj 

B1ackwater 
Branch 

Maurice River 

Little Robin Branch 
Maurice River 
Parvin Branch 
Mill Creek 
Maurice River 

ER-0 
ER-1 
ER-2 
ER-3 
ER-4 
ER-5 
ER-6 
ER-7 
ER-8 
ER-9 
ER-10 
ER-11 
ER-12 
ER-13 
ER-14 

Description 
of Samples 

0-1 Fc 

Analvses Water Samples 
Particulate 
& Dissolved 
As & F 

Afl?l yses 

3 colocates 
2 colocates 
1 sample 
1 sampl e 
3 colocates 
1 sample 
1 sampl e 
2 colocates 
1 sample 
1 split sample 
1 sampl e 
2 colocates 
2 colocates 
not sampled 
not sampled 

3 2 1 1 3 1 
1 
2 1 
2 

1 
2 

2 

Description 
If SamDli 
1 triplicate surface 3 
1 surface i 
1 surface i 
1 surface i 
3 surface colocates 3 
1 surface i 
2 colocated surface, 1 bottom 3 
1 surface, 1 bottom 2 
1 split sample (bottom) 2 
1 surface i 
2 colocated surface, 1 bottom 3 
1 surface i 
1 surface i 
1 surface i 
1 surface i 

2 
2 
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T h e  a l i q u o t s  a n a l y z e d  f o r  t o t a l  H S L  i n o r g a n i c s  a n d  v o l a t i l e s  

w e r e  n o t  f i l t e r e d .  T h e  a l i q u o t s  w e r e  p o u r e d  d i r e c t l y  f r o m  t h e  

s a m p l i n g  d e v i c e s  i n t o  t h e  a p p r o p r i a t e  s a m p l e  b o t t l e s .  T h e  t o t a l  

H S L  i n o r g a n i c s  a l i q u o t s  w e r e  p r e s e r v e d  w i t h  n i t r i c  a c i d  t o  a  p H  

o r  l e s s ,  w h i l e  t h e  V O A  a l i q u o t s  w e r e  p r e s e r v e d  w i t h  s o d i u m  

t h i o s u l f a t e .  

C e r t a i n  f i e l d  t e s t s  w e r e  p e r f o r m e d  o n  t h e  P h a s e  I  w a t e r  

s a m p l e s .  i n c l u d e d  p H ,  E h ,  s p e c i f i c  c o n d u c t a n c e ,  d i s s o l v e d  

* S n  ! n d  t e m p e r a t u r e .  T h e s e  a r e  d i s c u s s e d  i n  

S e c t i o n  5 . 0 ,  F a t e  a n d  T r a n s p o r t  o f  A r s e n i c .  

2 . 2 . 2  P h a s e  I T  

2 . 2 . 2 . 1  S a m p l i n g  L o c a t i o n s  

W a t e r  s a m p l e s  w e r e  t a k e n  f r o m  4 0  s t a t i o n s  i n  P h a s e  I I .  T e n  

s t a t i o n s  a r e  o n  t h e  B l a c k w a t e r  B r a n c h ,  s h o w n  i n  F i g u r e  2 - 2  a n d  

s u m m a r i z e d  i n  T a b i e  2 - 4 .  T h i r t e e n  s t a t i o n s  a r e  o n  t h e  M a u r i c e  

R i v e r  a n d  t r i b u t a r i e s  n o r t h  o f  U n i o n  L a k e ,  s h o w n  i n  F i g u r e  2 - 2  

a n d  s u m m a r i z e d  i n  T a b l e  2 - 5 .  T h e  r e m a i n i n g  1 7  s t a t i o n s  a r e  o n  

t h e  l o w e r  M a u r i c e  R i v e r  s o u t h  o f  U n i o n  L a k e  t o  t h e  D e l a w a r e  B a y  

s h o w n  i n  F i g u r e  2 - 3  a n d  s u m m a r i z e d  i n  T a b l e  2 - 6 .  

h I l e M T n P D r i t J v . 0 f  t h e s ®  s a v i n g  s t a t i o n s  w e r e  p r e v i o u s l y  s a m p l e d  

1 ™ '  !rh - r ® e  s t a t i o n s ,  E R - O A ,  E R - O B ,  a n d  E R - O C  w e r e  

O A  o« y i e l d  a d d i t i o n a l  u p s t r e a m  d a t a .  I n  a d d i t i o n ,  E R - 6 A  

I ™ V 9 B ' i  'lCi ~9? '  - 9 E '  - 9 F '  a n d  " 1 0 A  w e r *  s a m p l e d  t o  p r o v i d i  

a d d i t i o n a l  d a t a  f o r  t h e  F S .  S t a t i o n  E R - 9 B  w a s  d r y  a n d  w a s  

t h e r e f o r e  n o t  s a m p l e d  d u r i n g  P h a s e  I I .  

2 . 2 . 2 . 2  S a m p l i n g  M e t h o d s  

rt?nr^ar,te^H samples ™ere collected upstream from Union Lake by 

f i ?  VhL J1® appr°priate . s a m p l e  b o t t l e  i n t o  t h e  s t r e a m ,  e x c e p t  

f o r  t h e  d i s s o l v e d  a r s e n i c  a l i q u o t .  T h i s  w a s  o b t a i n e d  w i t h  a  

i n t o n t h ^ S f b e a k e r '  w i t h  t h e  a l i q u o t  p o u r e d  f r o m  t h e  b e a k e r  
i n t o  t h e  f i l t e r i n g  a p p a r a t u s .  

T h e  w a t e r  s a m p l e s  d o w n s t r e a m  f r o m  U n i o n  L a k e  w e r e  t a k e n  w i t h  a 
K e m m e r e r  s a m p l e r  b y  t h e  s a m e  p r o c e d u r e  m e n t i o n e d  previously 
A l l  aliquots were p o u r e d  f r o m  t h e  K e m m e r e r  s a m p l e r .  

T h e  w a t e r  s a m p l e s  c o l l e c t e d  u p s t r e a m  f r o m  U n i o n  L a k e  w e r e  a l l  

analyzed for dissolved arsenic, total (unfiltered) Ssi 

fS?rHSL1CeitranctaHhS1L volati.les- s°™a "mples were also analyzed 

T a b l e s  2  !  md  H  ?5 9 a n l "  a n d  P e s t i c i d e s / P C B s ,  a s  s h o w n  i n  

i i n f o n  T a i z o  i i  w a t e r  s a m p l e s  c o l l e c t e d  d o w n s t r e a m  f r o m  

O i n f  i l t e r e ^ l )  H S L  i n V r o a n ^  £ ° r  a I " " i c  a " d  * * . 1  
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STATION 
NUMBER 
ER-0 
ER-OA 
ER-OB 
ER-OC 
ER-1 
ER-2 
ER-3 
ER-3A 
ER-4 

4* ER-5 

nj i 

ERO-W 
EROA-W 
EROB-W 
EROC-W 
ER1-W 
ER2-W 
ER3-W 
ER3A-W 
ER4-W 
ER5-W 

TABLE 2-4 

WATER SAMPLE ANA I VTTfAI. SUMMARY FAR THF 
BLACKWATER BRANCH PORTTON OF THF 

VINELAND CHEMICAL COMPANY INVESTIGATION 
PHASE II 

DISSOLVED 

Blackwater 
Blackwater 
Blackwater 
Blackwater 
Blackwater 
Blackwater 
Blackwater 
Blackwater 
Blackwater 
Blackwater 

Branch - Upstream 
Branch - Upstream 
Branch - Upstream 
Branch - Upstream 
Branch - Upstream 
Branch - Upstream 
Branch - Upstream 
Branch At Site 
Branch At Mill Road 
Branch - Downstream 

10 10 

Notes: * Includes 1 duplicate sample. 
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TABLE 2-5 

WATER SAMPLE ANALYTICAL SUMMARY FOR THE 
UPPER MAURIfF RTVFR PORTION OF THF 

VINELAND CHEMICAL COMPANY INVESTIGATION 
PHASE II 

i 
-j 

STATION 
NUMBER SAMPLE 

ID LOCATION DISSOLVED 
ARSENIC HSL EXTRACTABLE HSL INORGANIC HSL VOA PES/PCB 

ER-6 ER6-W Maurice River-Upstream 1 1 1 
ER-6A ER6A-W Maurice River-Upstream 2* 2* 2* 2* 2" 
ER-7 ER7-W Maurice River-Almond Road 1 1 2* 2* 1 
ER-8 ER8-W Maurice River-Garden Road 1 1 1 
ER-9 ER9-W Little Robin Branch 1 1 1 1 
ER-9A ER9A-W Maurice River-Downstream 1 1 1 

1 

ER-9C ER9C-W Maurice River-Downstream 1 1 1 1 
ER-9D ER90-W Muddy Run 1 1 1 1 1 
ER-9E ER9E-W Maurice River-Oownstream 1 1 1 1 1 
ER-9F ER9F-W Maurice River-Downstream 1 1 
ER-10 ER10-W Maurice River-Downstream 1 1 
ER-10A ER10A-W Maurice River-Downstream 1 1 1 1 
ER-11 ER11-W Parvin Branch 1 1 1 1 1 

14 9 15 15 9 

Notes: * Includes 1 duplicate sample. 

~~f00 



TABLE 2-6 

WATER SAMPLE ANALYTICAL SUMMARY FOR THF 
LOWER MAURICE RTVFR PORTION flFTHF 
VINELAND CHFMTfAl COMPANY STTF 

PHASE II 

STATION NUMBER I nrATTAM 

ER-20 Lower Maurice River 
ER-21 Lower Maurice River 
ER-22 Lower Maurice River 
ER-23 Lower Maurice River 
ER-26 Lower Maurice River 
ER-27 Lower Maurice River 
ER-29 Lower Maurice River 
ER-32 Lower Maurice River 
ER-37 Lower Maurice River 
ER-38 Lower Maurice River 
ER-39 Lower Maurice River 
ER-40 Lower Maurice River 
ER-43 Lower Maurice River 
ER-44 Lower Maurice River 
ER-45 Lower Maurice River 
ER-50 Delaware Bay 
ER-51 Delaware Bay 

DISSOLVED arsfntc 

Notes: Includes 1 duplicate sample. 
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The dissolved arsenic aliquots were filtered in the field and 
preserved with nitric acid. Only the filtrate was analyzed. 
Single-use, disposable plastic filter apparatuses were used in 
Phase II, elminating the need to discard a portion of the 
filtrate. The total inorganics aliquots were not filtered, and 
were preserved with nitric acid. The remaining aliquots were 
not preserved. All aliquots were iced prior to shipment. 

^er?a^nJfield tests were performed on the water samples. These 
included pH, specific conductance, dissolved oxygen, salinity 
and temperature. These results are discussed in Section 5, Fate 
and Transport of Arsenic. 

^*ows at certain stations were measured during Phase II 
The flows were measured twice; once when a water sample was 
taken and once on a single day when the flows were all 

• r? ttlV!- t0 0ne another- These measurements are discussed in Subsection 3.1.1. 

2.3 SEDIMENT INVESTIGATION 

2.3.1 Phase I 

2.3.1.1 Sampling Locations 

I sedimenJ samples were obtained from stations on the Blackwater Branch and the Maurice River upstream of Union Lake. 
The locations are shown in Figure 2-1, with the analytical 
summary presented in Table 2-3. y cai 

^7o6 I_,samples were taken from stations sampled by NJDEP in 
1979. The same upstream samples were obtained, ER-0, -l -2 

* The downstream stations sampled were those ' that 
displayed arsenic concentrations greater than 23 mg/kg, the 
arsenic concentration of ER-6 in 1979. 

I!!6 nuaSS 1 analytical results are shown in Appendix A, while 
the Phase II results are shown in Appendix B. Appendix I 
presents cross sections showing the stream geometry, depth of 
"aUon and a"enlC eventrations at each sediment sampling 

2.3.1.2 Sampling Methods 

steelSa7iier "erre °bVline,d Kith a WILC0 corer with a stainless 
steel liner or a stainless steel split-spoon. The corer or 
split-spoon was pushed or hammered into the sediment to obtain 
the maximum depth of penetration. oDtain 

The samples were removed from the liner or split-spoon, placed 
1" s':ainless steel mixing bowls, then described visually. The 
TOC totaei homoge.nized and samples were put into containers for 
necessarv ir°n' and HSL inor9anics analysis, as 
they were' homogenized w"e obtained from the cores before 
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The design of the Phase I program was to analyze samples from 
0-1 feet and from 2-3 feet within the sediment column. This 
proved to be impractical because the sampler could not penetrate 

!i°ld samPles at depth even in soft sediments. Therefore, 
the Phase I results represent sediment from approximately 0-1 
feet within the sediment column. 
2.3.2 Phase IT 

2.3.2.1 Sampling Locations 

A total of 309 sediment samples were obtained from 40 stations 
in Phase II. The locations are shown in Figure 2-3. Tables 
2-7' 2~8, a"d 2-9 display the analyses performed on the samples 
from the Blackwater Branch, Maurice River upstream of Union 
Lake, and Maurice River downstream of Union Lake, respectively. 
MT^r,ma;'-0rit,y °f the stations were previously sampled by the 
PD nn in^ Three additional upstream stations, ER-OA, 
ER-OB, and ER-OC were added to obtain additional background data 
Seven additional stations, ER-6A, -9A, -9C, -9D, -9E, -9F and 
sediments^or ̂the *FS ^ estimating the volume o£ contaminated 

2.3.2.2 Sampling Methods 

Sediment core samples were obtained upstream of Union Lake. 
Lake06 se ent 9rab samples were obtained downstream of Union 

The core samples were obtained with a hand auger. In most cases 
two cores were obtained per station, one from each side of the 
stream. In some cases more cores were obtained to estimate the 
sediment volume for the FS. Each core taken was given a letter designation in Tables 2-7 and 2-8. 

Three samples were obtained from each core; one from 0-1 foot 
one from 1-2 foot, and one from 2-3 foot. The samples were 

w augenng to the design depth, removing the auger 
from the hole, and transferring the sediment to a stainless 
steel beaker. Then the auger was replaced in the hole and the 
we^e Snhf-P -e "as obtained- In some cases less than three samples 
Tables 2-6inand 2^7°f P°°r recovery at depth, as shown in 

The sediment aliquots for arsenic and iron, grain size, TOC HSL 
bef ore" hc»S'' ^ rac,tables a*d pesticides/PCPs were homogenized 
HSI p ^ int°wthe samPle bottles. The aliquots for HSL volatiles were taken before homogenizing. 

The sediment samples taken from the Maurice River below Union 
Lake were taken with an Eckman dredge from the surface One 
grab sample was obtained from each station. These samples were 
ir^Table 2-1 IR0N' T°C' AND GRAIN SIZE' -  indicted 
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TABLE 2-7 

SEDIMENT SAMPLE ANALYTICAL SUMMARY FOR THF 
BLACKWATER BRANCH PORTON OF THF 

VINELAND CHEMICAL COMPANY INVESTIGATION 
PHASE II 

STATION 

k> i 
N J  

NUMBER SAMPLE ID CORE SAMPLES 
ER-0 ER0-A0.A1.A2 A 3 ER0-B0.B1,B2 B 3 
ER-OA EROA-AO.Al,A2 A 3 EROA-BO.Bl,B2 B 3 
ER-OB EROB-AO,A1,A2 A 3 EROB-BO.Bl,B2 B 3 
ER-OC EROC-AO.Al,A2 A 3 EROC-BO.Bl,B2 B 3 
ER-1 ER1-A0.A1.A2 A 3 ER1-B0.B1,B2 B 3 
ER-2 ER2-A0.A1.A2 A 3 ER2-B0.B1,B2 B 3 
ER-3 ER3-A0.A1,A2 A 3 ER3-B0.B1.B2 8 3 
ER-3A ER3A-A0,A1,A2 A 3 ER3A-B0.B1,B2 B 3 
ER-4 ER4-A0.A1,A2 A 3 ER4—BO.Bl B 2 ER4-C0.C1,C2 C 3 
ER-5 ER5-A0.A1.A2 A 3 ER5-B0.B1 B 2 

DEPTH OF 
CORE (FT) A^F<? GRAIN SIZE E.P. TOXICITY— EXTRACTABLEL INORGANIC* A VOA S PESTPCB 

61 

3 3 3 3 1 3 4* 4* 4" 1 

3 4* 4* 4* 3 3 3 3 
3 3 3 3 1 3 2 3 3 1 

3 2 3 3 3 3 3 3 1 
3 2 3 3 3 3 3 3 
3 4* 4* 4* 3 4 3 3 
3 4« 4* 4« 1 3 3 3 3 1 

3 3 3 3 1 3 3 3 3 1 

3 2 3 3 2 2 2 2 3 3 3 3 1 
3 3 3 3 2 2 2 2 

62 65 65 6 

Notes: * Includes 1 duplicate sample. 
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I HULL 0 

STATION 
NUMBER 
ER-10 

ER-10A 

ER-11 

ER-6 

ER-6A 

SEDIMENT SAMPLE ANALYTICAL SUMMARY FOR THF 
UPPER MAURICF RTVER PORTON OF THF 

VINELAND CHEMICAL COMPANY INVESTIGATION 
PHASE II 

SAMPLE 
ID CORE SAMPLES 

PER CORE DEPTH OF 
CORE (FT! GRAIN SIZE C-P- TOXICITY EXTRACTABLE' ^N^RAM"/ AVOAT $PF<7PC 

ERIO-AO.Al,A2 
ER10-B0.B1.B2 

ER1OA-AO,A1.A2 
ER10A-B0.B1,B2 
ER1OA-CO,CI 
ER1OA-DO 
ERIOA-EO 
ERIOA-FO 
ER10A-G0.G1,G2 
ERIOA-HO.Hl,H2 
ERIOA-IO,II,12 

ER1l-AO.Al,A2 
ER1l-BO.Bl,B2 

ER6-A0.A1,A2 
ER6-B0.B1,B2 A 

B 

ER6A-A0.A1.A2 
ER6A-B0,B1,B2 

3 
4* 

3 
3 2 1 1 1 
3 
4* 
3 

Notes: * Includes 1 duplicate sample. 

b̂CJO ~?0° 



TABLE 2-8 (Cont'd) 

SEDIMENT SAMPLE ANALYTICAL SUMMARY FOR THF UPPER MAURICE RTVER PORTON OF THF 
VINELAND CHEMICAL COMPANY INVESTIGATION 

PHASE II 

STATION 
NUMBER 
ER-7 

to i 
to 
O J  

ER-9D 

SAMPLE 
ID CORE 

SAMPLES 
PER CORE DEPTH OF 

CORE I FT) As/FO 
ER7-A0.A1.A2 
ER7-B0.B1,B2 
ER7-C0.C1,C2 

ER9D-A0.A1.A2 
ER9D-B0.B1.B2 

T-Q>C- GRAIN SIZE E.P. TOXICITY EXTRACTABI F H S L  P O L L U T A N T S  
INORGANIC VOA PES/PCI 

54 54 56 56 

Notes: * includes 1 duplicate sample. 
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STATION SAMPLE NUMBER ID CORE 
ER-9E ER9E-A0.A1.A2 A ER9E-B0.B1,B2 B ER9E-C0 C ER9E-D0.01 D ER9E-E0.E1.E2 E 

ER-9F 

N J  i n) 

ER9F-A0.A1,A2 
ER9F-B0.B1 
ER9F-C0.C1 
ER9F-D0.D1 
ER9F-E0.E1 
ER9F-F0.F1,F2 
ER9F-G0.G1,G2 

A 
B 
C 
D 
E 
F 
G 

SAMPLES per core 
3 
3 
1 
3 
3 

3 
2 
2 
2 
2 
3 
3 

30 

TABLE 2-8 (Cont'd) 
SEDIMENT SAMPLE ANAI YTTFAI SUMMARY FOR THE UPPER MAURICF BTVFR PORTON DF THF 
VINSLAND CHEMICAL COMPANY INVESTIGATION 

PHASE II 

DEPTH OF 
CORE (FT) 

3 
3 
1 
3 
3 

3 
2 
2 
2 
2 
3 
3 

30 

2 
3 
1 
3 
3 

3 
2 
2 
2 
2 
3 
3 

29 

GRAINJillE E-P. TOXICITY EXTRACTM^ ^ORGANI^ W \tU?C 
3 
3 
1 
3 
3 

3 
2 
2 
2 
2 
3 
3 

30 

3 
3 
I 
3 
3 

3 
2 
2 
2 
2 
3 
3 

30 
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TABLE 2-9 
SEDIMENT SAMPLE ANALYTICAL SUMMARY FOP TUP-

LOWER MAURICE RIVER PORTION OF THE 
VINELANP CHEMICAL COMPANY SITE 

PHASE TT 

STATION NUMBER T.QCATTON As/Fe TO C 
ER-20 Lower Maurice River 
ER-21 Lower Maurice River 
ER-22 Lower Maurice River 
ER-23 Lower Maurice River 
ER-26 Lower Maurice River 
ER-27 Lower Maurice River 
ER-29 Lower Maurice River 
ER-32 Lower Maurice River 
ER-37 Lower Maurice River 
ER-38 Lower Maurice River 
ER-39 Lower Maurice River 
ER-40 Lower Maurice River 
ER-43 Lower Maurice River 
ER-44 Lower Maurice River 
ER-45 Lower Maurice River 
ER-50 Delaware Bay 
ER-51 Delaware Bay 

Notes: 

(a) Sediment samples are grab samples. 
* Includes 1 duplicate sample. 
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2.3.3 Supplemental Sampling 

Additional sediment sampling was performed in the Blackwater 
Branch in January 1988. The purpose was to aid in delineating 
the volume of contaminated sediments in the flood plain 
remaining after the beaver dam was breached. The sampling 
locations and results are presented in Section 4.0. 

A total of 22 borings were conducted on an approximate 200x200-
foot grid. Samples were obtained with a hand auger over approxi
mate two-foot depth intervals. Samples were obtained through the 
depth of sediment (black, organic soil) until sand was reached. 
The well installation and soil boring program conducted at the 
ViChem plant site indicated that the natural material expected 
below the recent sediments was a clean, well-sorted sand. When 
this material was reached, the soil borings were terminated. 
The samples were obtained using hand augers and compositing the 
two-foot depth intervals by the same methods as outlined above 
All samples were analyzed for total arsenic only 
2.4 BIOTA INVESTIGATION 
2.4.1 Phase II 

?no^a sa"!Ples were obtained during Phase II in July and August 
1987. The results were used to characterize the potential 
health risks associated with the ingestion of fish caught in the 
upper and lower Maurice River. Biota sampling locations are 
shown m Figures 2-4 and 2-5, with analyses presented in 
Appendix B. Tables 2-10 and 2-11 summarize the biota sample 
analyses for the upper and lower Maurice River. 
2.4.1.1 Sampling Locations 

Three fish samples were obtained on the Maurice River upstream 
of Union Lake. White Bass, Blue Gill and Black Bullhead species 
thp6 i it0tal arsenic and Pesticides. Pesticides are 
fish tissue 5 °f the HSL pollutants t0 accumulate in 

Five biota samples were obtained from the Maurice River between 
Union Lake and the Delaware Bay. At the two northern stations 
shown in Figure 2-5, trammel nets were installed and a variety 
of specimens were caught, of which yellow perch, catfish, and 
approximately 12 blue crabs were retained for analysis. At the 
and St°he mun^Sitati?nS Sh°Wn in FigUre 2-5' °yste" were obtained 

the muscle tissue was sent for analysis. In addition 
approximately two dozen blue crabs were bought from lo?al 
ĉ r?o6r anaî s. C°mbined 12 

Lake "L"1!'!!,',' sai"Ples from the Maurice Siver between Uni 
ake and the Delaware Bay were analyzed for total arsenic results are presented in Appendix B. arsenic. 

on 
The 
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I HULL t-)U 

BIOTA SAMPLE ANAIYTICAL SUMMARY FAR THF 
UPPER MAURICE RIVER PORTION OF THF 

VINELAND CHEMICAI COMPANY INVESTIGATION 
PHASE II 

to i k> 

BIOTA SPECIES 

White Bass 
Blue Gill 
Black Bullhead 
Field Blank 
Catfish 
Black Bullhead 
Black Bullhead 
Field Blank 

LOCATION 
DESCRIPTION 

ER-8 
ER-8 
ER-8 
ER-8 
ER-8 
ER-8 
ER-8 
ER-8 

NUMBER OF ANALYSES 
PES/PCB TOTAL As 

4 4 



TABLE 2-11 

BIOTA SAMPLING ANALYTIfAl SMMMAPV rno rHf 
LOWER MAIIRTTF RIVER PfiPT T ON 
VINELAND EHFMICAL COMPANY SITE 

PHASE II 

n> i u> o 

BIOTA SPECIES 

Catfish 
Crab Backfin 
Crab Hepatopancreas 
American Oyster 
American Oyster 
Yellow Perch 
Field Blank 

LOCATION 
DESCRIPTION 

Lower Maurice 
Lower Maurice 
Lower Maurice 
Delaware Bay 
Lower Maurice 
Lower Maurice 
Lower Maurice 

TOTAL ARSENir 

£ 



2.4.1.2 Sampling Methods 

The uPPer Maurice River samples, the White Bass, Blue Gill and 
Black Bullhead, were obtained utilizing a rod and reel with 
collect** ih and 1artlflcial lures. Once the specimens were 
collected the scales were removed. While keeping the fish 
tissue intact, approximately 250 g. of muscle tissue was removed 
from both the right and left sides of the fish, and transferred 
into a wide-mouthed glass jar. The samples were then placedon 
ice and shipped to a CLP laboratory to be analyzed for total 
arsenic and pesticides. Originally only the left sides of the 
the fish* fhSer\fc f°r ana^sis' but due to the small size of 
and ® low ̂ antity of fish caught, both the right and left sides were sent for analysis. 

The two fish samples and 12 of the blue crabs from the lower 
Maurice Rlver were caught in trammel nets. The nets were 
i«taday 3 9 the llVet banK an<3 th® catch was retrieved the 

Jw?th\Shl cw6 sc?led and the muscle tissue from the left side (with the skin on) was sent for analysis. 

The crabs caught in the trammel nets were combined with 
Po?t°Norriea hCrabS. a°U9ht £rom local fishermen in 
Port Norns. It should be noted that field personnel observed 
numerous crab traps in the lower Maurice River and the Delaware 
y uring the field work. The hepatopancreas and the backfin 

from al^Tf Vhe removed* The combined backfin muscles from all of the crabs comprised one sample, while the combined 
hepatopancreases comprised the other sample. 

The oyster samples were obtained from oyster beds by personnel 
from the Rutgers University Shellfish Research St?"on ?£ 
Bivalve. One bushel of American Oysters. Crassnsfrps v-i r-ni ni 
was obtained from each of the locations shown in Figure 2-5' 
Ebasco personnel shucked the oysters and put the flesh in sample bottles for total arsenic analyses. sample 

2.5 QUALITY ASSURANCE AND QUALITY CONTROL 
2.5.1 Decontamination Procedures 

To ensure that the chemical analyses were reflective of the 
actual concentrations present at sampling locations the 
^iorto uir01^1? satin9 activities decoram\nated 
the potential" WaS also Performed to minimize and « cross-contamination between sampling locations and the transfer of contamination off site. locations 

o Potable water rinse 
o Alconox or liquid detergent wash 
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o Potable water rinse 
o Disti1led/deionized water rinse 
o Nitric acid rinse 
o Disti1led/deionized water rinse 
o Acetone rinse 
o Disti1led/deionized water rinse 

foil1" nbreinh,,^l!aned' SmaV was wrapped in aluminum 
°5. butcher paper to minimize contamination prior to utilization. 

The knives used for preparation of the fish samples were 
initially decontaminated and then decontaminated after the 
preparation of each sample of each species. Field monitoring 
equipment such as volatile organic analyzers and combustible qas 
meters were wiped down with clean paper towels. 

The sediment and water sampling equipment used in the lower 
¥WaS decontaminated using deionized water. It was 
sampling boatS preferable to usin9 chemical solutions on the 

2.5.2 QA/QC Samples 

blank was PrePar"ed for each day of field sampling when 
volatiles samples were obtained in advance of initiating the 
' °n that The trip blank was fined with deionized? 
°n9nic ,fre.e yater and was used to determine if any 

Vrfn h"!int " occurrfd between samples during shipment. 
h?anir r blanks were analyzed for volatiles only. The trip blank results are presented in Appendix B. 

^ffla^ld b*ank ™as taken for each medium sampled at a frequency 
approxirnately one field blank per 20 samples. The field 

blank was composed of deionized organic free water that was 
• °u.9h decontaminated sampling equipment. During the 

we?s S 'f 'r ̂ 6 -ives used to piepare the fish sample? were rinsed for field blanks. The field blank results are presented in Appendix B. lesuits are 

A duplicate sample was obtained for each of 20 samdies of * 
informs •The IeSUlt^ °£ the auP"<="e s.mpll ILlyse? 

nrllitlr. info,rmatlon concerning sample homogeneity, analytical 
the analytical ^ **EeCt °f thS Sample matrix on tne analytical methodology. Tables 2-12, 2-13 and 2-14 indicate 
the duplicate sample analysis summary for the three river areas. 
2-5.3 Field Audit," 

Several audits were performed to determine that the field work 
was conducted within the procedures presented in the wr™ 
Field Operations Plan (Ebasco, 1986b) for the site aSd in 
accordance with accepted USEPA and NJDEP protocols Audits 
"e ̂ o^l^wTng0^: P6rf°rmed * the following personnel on 
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DUPLICATE SAMPLE ANn ANALYSIS SUMMARY FOR THF 
BLACKWATER BRANCH PORTION OF THF 

VINELAND CHEMICAL COMPANY INVESTIGATION 
PHASE II 

MEDIUM SAMPLED. 
Sediment 
Water 

As & Fe TOP 

N U M B E R  O F  D U P I  I C A T F  S  0ISS0LVED ^ * 
GRAIN SIZE ARSENIC EPTOX HSL EXTRACTABLES PFSiypf;p jIQL. 

N J  

bJ 
CO 



Sediment 
Surface Water 

to 
u> 
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DUPLICATE; SAMPLE AND ANALYSIS SUMMARY FOB THF 
LOWER MAURICE RIVER PORTION flF THF 
VINELAND CHEMICAL COMPANY STTF 

PHASE II 

N  U  M  B  5  P  O F  D U P L I C A T F S  
MEDIUM SAMPIFn 

Sediment 
Surface Water 

DISSOLVED 
ARSENI 

MvO i oo on 

(IT A 



DATE CQMPANY/AGEHrv 
6/25/1986 
5/5/1987 
5/13/1987 
5/14/1987 
5/27/1987 
6/2/1987 
7/1/1987 
7/16/1987 

2.5.4 Data Validation 

Ebasco QA (Phase I) 
NJDEP 
NJDEP 
Ebasco QA 
USEPA 
USEPA 
USEPA 
Ebasco QA 

?kta/-.?na 1*wy obie<rtive (DQ°) Level 4 analyses were performed by 
the CLP laboratories for this RI/FS. This is the highest level 
of analytical QA/QC, designed to provide data of sufficient 
quality to withstand court scrutiny. 
Only analytical data that withstood this 
procedure, that is only data that were not 
validation process, were considered valid and 
RI/FS. Throughout this report and in the 
analysis marked with an "X" was considered 
analysis was therefore not used to draw conclusions about 
contaminant concentrations, and did not factor into calculated averages and means. 

rigorous QA/QC 
rejected in the 
usable for this 
Appendices, an 
rejected. This 

PT/S? large size of the analytical data base for the 
I } \ reason for rejecting an individual analysis is not 

reported here. This information is available and can be provided if requested. 
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3-0 PHYSICAL CHARACTERISTICS OF STUDY APF.A 

m??ecMa^1Cm- \RlVur dfains an area of approximately 380 square 
miles (sq mi) above its mouth at Delaware Bay. About 284 sq mi 
are in Cumberland County. The U.S. Geological Survey maintains 
a stream-gaging station on the Maurice River at Norma (Ebasco 
from an9mStatl°n ER~7; S6e Figure 2-1) which measures runoff 

113 ®q. mi dramage area, of which about 100 sq mi are in 
Salem and Gloucester Counties, and about 13 sq mi are in 
for 19 8fi t-h°oUnty' Accordlng t0 the Water Resources Data Report 
NnrmJtil f«foage annual discharge of the Maurice River at Norma between 1932 and 1961 was 0.98 mgd (million gallons per 
day) per square mile or approximately 168 cfs (cubic feet per 
thronnhnnf A3SU™ing that uniform hydrologic conditions exist 
Counties rnnfrih^1"' 100 Sq mi area in Saleni and Gloucester Counties contributes an average of 98 mgd of surface-water 
AddiMnn^? Cui?berland County at the Norma gaging station. 
Additional surface-water inflow, estimated as 44 mgd from Salem 
frnm I flowing in the Maurice River below the gage, comes 
from an area of about 45 sq mi that is drained by the Muddy Run 
thi therefore, the estimated total inflow contributed by 
is fco the water-supply gains of Cumberland County 
the sn? f 1S equal t0 about 6 inches of water over the 502 square mile area of the county. 
3.1 SURFACE WATER 
3.1.1 Surface Water Flnw 
Stream Flow Rate Calculations 
Approach 

Stream flow rate measurements were obtained by Ebasco personnel 
from the Maurice River and various tributaries during Phase u 
obtained andre raeasured twlce' once when a chemical sample was 

i • 0nce °n 3 sin9le day when all flows were measured 
raJls for al°rofant°hther; TaMe M ShOUS the Shown in Fim,re i i A stations. The flow stations are 
calculations. ~ ' Appendlx D contains the stream flow rate 

The flows were measured to determine the arsenic flux in the> 
lnrat^ Knowing the contaminant concentration and flow at a 
knowing11 the ^.ows apt°ssible t0, calculate the conta»in«? f l«! 
^ • w, 6 point in t;Lme throughout a watershed 

flows5 at dilUti°n f8Ct°rS and the rel3tiv* 

flow rate methods 

The stream flow rates were measured using a Pyqmv Meter which 
measures the stream flow velocity Ten vpis ! . were oerfnrmo/i aor-c-c. 4-v, velocity measurements f?" Performed across the stream perpendicular to the flow The 
flow velocity was measured three times within each sect" on Sy 
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TABLE 3-1 
STREAM FLOW RATE OAT.CTTT.ATTOMC 

Stream Station Measurement 
Date Volumetric 

o f  R f r o a m  

ER-0 (Blackwater Branch) 1) 7/14/87 
2) 7/30/87 

IFl- OLiedHI 
17.7 
9.8 

ER-OA (Blackwater Branch) 1) 7/15/87 
2) 7/30/87 23 . 0 

4.4 
ER-OC (Pine Branch) 1) 7/20/87 2.4 
ER-3* (Blackwater Branch) 1) 7/13/87 14.6 
ER-4 (Blackwater Branch) 1) 7/13/87 

2) 7/30/87 32 .2 
11.1 

ER-5 (Blackwater Branch) 1) 6/25/87 
2) 7/30/87 16.8 

17. 6 
ER-6 (Maurice River) 2) 7/30/87 64.4 
ER-6A (Maurice River) 1) 7/16/87 193 
ER-7 (Maurice River) 1) 7/15/87 

2) 7/30/87 247 
85.5 

ER-9 (Little Robin Branch) 1) 7/1/87 
2) 7/30/87 1.5 

2 .1 
ER-9D (Muddy Run) 1) 6/30/87 

2) 7/30/87 41.9 
23.7 

ER-10 (Maurice River) 1) 7/9/87 
2) 7/30/87 254 

181 
ER-11 (Tarklin Branch) 1) 6/23/87 

2) 7/30/87 6.8 
6.9 

ER-12 (Mill Creek) 1) 7/16/87 
2) 7/30/87 9.8 

9.6 
ER-13 (Maurice River) 2) 7/30/87 140 

Measurement may be inaccurate due to swampy conditions. 

£ 
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counting the number of revolutions made by a wheel on the 
current meter over time, including any conversion factors unique 

th® current meter. The average section velocity was 
determined from the average of the three readings. The velocity 
wfdlh? to £i0" "" ^ the area (i.e., dlpth ??m« width) to determine the volumetric flow rate in each 
-b-ctron. After the volumetric flow rates were calculated ISr 
each subsection, they were added together to equal the total 
measurements) ,°W ^ Str6am <56e ApP*ndi* ° £" 

If, a secti°n's average depth was less than 2.5 feet the 
velocity was measured at six-tenths (0.6) of the depth from thl 
greater than'^^eeT"?^' ^ SeCtion's ""age dep?£ /n than 2.5 feet, the velocity was measured at two-tenths 
were aver aged !'t~tenthS (0'8) °f the depth and these two reading 

and 32l02 rf%te °Th thfei Black,water Branch ranged between 4.4 cfs 
between 64 4 and 2%/ * °n the Upper Maurice River ranged between 64.4 and 254 cfs. Four stations on tributaries had the 
following flow rates: ER-OC (Pine Branch) had 2.4 cfs- ER-9 
h ^ ̂ I6Q Branch) had 1.5 and 2.1 cfs; ER-9D, (Muddy Run)' 
6 9 cfs 23-7 C£s; and ER"U' (Tarklin had 6.8 and 

3-1.2 Water Ba1anra 

A water balance was calculated to determine the amount nf 
groundwater recharge in the Maurice River drainage basin usina 
vLfam "°V. at„a £t°ra the 9aging station a? Norma (EbasSo 

Vv,n * and rainfall data. The water balances calculated 
^able 3%yeaAS "i-1"1,?8*' 1982"1983 and 1983-1984 are Vi?own S 

3-2. Appendix C shows the plots and calculations. 

re!atIlnlhip'?alanCe "" estimatea """9 the following simple 

Inflow = Outflow ± change in storage 
where: Inflow = precipitation 

Outflow = total surface water flow (base flow plus 
surface runoff) plus evapotranspiration 

from^p'rec^pitation!^ that l\T %££ it 
lost3 to "ater flow .in t.he stream (base flow plus runoff) or is 
surface waYer o^a™*3*10?' 3nd that there is no net change in surrace water or groundwater storage within the basin then the 
simple relationship above may be rewritten as: 

Precipitation - Base Flow + Surface Runoff + Evapotranspiration 
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TABLE 3-2 
SUMMARY of estimated average watep 

MAURICE RIVER watfpktfgp 

ITEM 
Water Gains 

Precipitation 38.6 
Water Lnssp.; 

Evapotranspiration 23.6 

Surface Runoff 5.5 

Groundwater Base Flow 9.5 

1981-1982 1982-1983 1983-1984 ^981-1984 
INCHES/YEAR INCHES/YEAR INCHES/YEAR INCHES/YEAR 

40.9 

20.7 

11.0 

9.2 

52.8 

24.3 

13 .1 

15.4 

44.1 

22.9 
(52%) 
9.9 

(22%) 

11.4 
(26%) 
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The water balance was estimates by first plotting the mean dailv 
water Cyear nn V • X* ?°™a 939ln9 Station for ea^h month of 
rlprLJnted the to^ftlC ?r3Ph Paper" U "sumed that thiS epresented the total surface water flow, which is comprised nf 
it?eamrPOa^tS;,l(1> b,3Se "0W <^°"ndwater recharge to tSe 
1*1^l'x I1„(2). surface runoff. The base flow was then 
estimated by drawing an arbitrary base flow line on the graph 
that mimicked the total flow line. By converting 
determined 'Ve^1 "ST 3nd the V°lume °£ the base «°» »*re etermined. The base flow was then subtracted from the total 
flow to estimate the volume of the surface runoff. The rainfall 
in the basin was determined from precipitation records The 
evapotranspiration was estimated by subtracting the total 

™ater flow from the precipitation. Finally, the three 
components of outflow (base flow, surface runoff and 
?h|P°ber̂ r̂ °̂nLlKaencee.COmPaiea b° "» "ibf311 

makeŝ any ̂ŝ û p̂ rm™*'among3them?C h313"" U '3irly "Ude and 

(1) That there is no net gain or loss in the surface water 
or groundwater storage within the basin; 

(2) That all rainfall in the basin appears as surface 
runoff, groundwater base flow to the stream, or is lost 
to evapotranspiration (no undetected groundwater 
discharge out of the basin around the stream gage); and 

(3) That the rainfall records from one station are 
representative of the entire basin for that water year 

calculated h6i n c™^eness of this method, the water balance calculated in this manner can qive a aenprai Lu 
hydrologic characteristics within a basin. As shown in Table 
3-2, slightly more than half (52%) of the availahlp Lnfci? 
less"1 one tquabretei°S(t22«t? evapotra?sPiration' while slightly less 
anT slightly more thanPe one ™no" 
groundwater and appears in the stream as base flow 

The base flow or groundwater discharge per unit area of fhp 
wL̂ d̂̂ ŷThe3̂ ^̂ 6̂̂ , % t0tal 

mi81"l9„8«a3tnd 1982'83' the ^roun'd„ater discha'rge S./V" c?s/sq 
cfs/sq mi ye3r 1983-1984' groundwater discharge was 

with ̂cftter estimate ̂preTpa^ed previ'ouslyT'6 "" ~d 

In a study prepared for ViChem (Lennon, 1982) the average basp 
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^ nd Cou,nty Groundwater Resources report (Rooney 
1971), the average long-term annual precipitation in Cumberland 
County is about 44 inches and the average evapotranspiration is 
approximately 29 inches per year. These values are in general 
agreement with the values calculated for 1981-1984. 

Of mterest in surface water contamination investigations is the 
determination of whether a surface water body is effluent or 
influent, that is, whether the groundwater recharges the surface 

« "hether the surface water recharges the groundwater 
nJ 1:ai-fformation along the length of the Maurice River 
not available, the data obtained for the ViChem Rl reports 

re?hara,Ld h fh4 lndire=tly, that the surface water is probably 
OOOuSOO below 6 9roundKater- Tbe Pertinent observations are 

First, in the Draft RI report for the ViChem Plant site, it was 
estimated that groundwater from the contaminated upper sand 
aquifer recharged the Blackwater Branch. This was based on 
OOfihemen.tS showlnj> an "Pward gradient between the groundwate? 
and the stream, and on the fact that arsenic contamination wfs 
seen in the groundwater below the plant and in the surface water 
downstream of the plant, but not in the surface water Spst?eam 
(Laslo 1989a> TahrieUnnWlter ^ Stream fr°m the Plant rr i: Table 3-3 presents the estimated groundwater 
flowrates off the plant site to the Blackwater Branch, with the 
groundwater flow directions shown in Figure 3-2. 
Second, the water balance calculated 

Third, the USGS flow data collected at the Norma aaaina «?tatinn 
shows that the lowest mean daily flow recorded during the period 
of record (since 1932) is 23 cfs. If the Maurice River were a 
that^n s?rea"J' recharging the groundwater, it would be expected 
that during drought periods the flow would drop to zero lince 

-v?S occur^d since 1932, it is reasonable to assuml 
there is a component of groundwater discharge to the stream. 

*h™«y\v,the Curnbeffand County water Resources Report from 1971 
55uJer^ermn  ̂  l6V6lS in the Cohansey-K?rkwood Aqmfer (Rooney, 1971). These are presented in Figure 3-3 The 
generalized groundwater flow lines are shown pointinq toward the 
therlrfverlvea^ that th* ""towas 
groundwater. 6 "Ver 18 Probably recharged by the 

In the absence of site-specific data, it is impossible to 
determine whether the Maurice River is inffluent or efluent at 

pomts along its length. However, the data do suqqest that 
e river is recharged by the groundwater and not vice.versa. 
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TABLE 3-3 
GROUNDWATER DISCHARGE FROM THF TTPPER RAMn 

TO THE BLACKWATFR RRAMPH 

Date 
10/19/87 
11/21/87 
1/27/88 
Average 

158,922 
150,093 
158.922 
156,000 

70,753 
70,753 
94.337 
78,000 

261,241 
146,295 
365.738 
258,000 

Total 
490,916 
367,141 
618.997 
492,000 

All flows are in gallons per day. 

c 
va 

o 
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Site RIinreDonrtethe ™ surface water hydrology, in the Plant 
nil u creport the amount of arsenic entering the Blackwater 
Branch from groundwater discharge off the plant site was 
offimthe site^wUh ** combininp.the groundwater flow rate one site with the mean arsenic concentration ;n 
groundwater. It wan estimated that between 2 and lfmetriS t i n t  
of arsenic were entering the Blackwater Branch each year from 
the plant site, with the best estimate placed at 6 metri! t£ns 
per year (Ebasco, 1988). This will be discussed in detail in 
Section 5, Fate and Transport of Arsenic. 
3-1-3 Vineland and M i  l i v i n g  W a t e r  U s e  

fhoU^t-3"4 !n?.3"5 show the municipal water supply systems for 
the cities of Vineland and Millville. Both cities derivp fhoir 

watfr supplies from groundwater wells, not the surface water bodies in the Maurice River systems. 

From the information gathered in the Plant Qifa DT 
(Ebasco 1989b), it appeared that none of /ineland's later SJ IUPPL"^! ao"n9r?dlent °£. Vichem plant. The closest w£?« 
supply well #7, is approximately 6,-500 feet south of the o l a n t  
and approximately one mile east of the Mauricf River All of 
Lrk g^ma^rber^ ̂115 reportedly screened below a aarx grey marker bed, which contains clay at some locations Tt 

„belieV.evf ât this raarker bea is the same dark g?ly maleriaJ 
seen at the base of the middle sand at the ViChem plant site 
plant sitif arsenic contamination was seen at this depth on the 

hydro logic an™ #M™*U",tlon int° the 

determine the source(s) of Tc" ̂am/na'/on i^th^sTwIufand 
o recommend technologies to remove the TCE. 

wellPar#7°f ^he dTs^ri93^0"^ 3 pumpin9 test was conducted on . ff/* The distance-drawdown plot revealed a 
apparently6steady"^ate^onftt^^ 5't?° feet fr°m the wel1 und^ 
ifSoo gp/. The report e^timaTed 
distance that the well would draw contamination back to it' wa^ 
times^thijf4distance ^.11^^%^ 
capture zone is shown in Figure 3-4. estimated 

extend0™ 'tV^aur^e'live^ "PtUre Zone d°es 

extend up to the ViChem plant'site I/must b^re/ane'd ?£Tth4 

iuisssr-̂ " SS»̂  a\5 
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^ i.l-War?r supply wells are shown in Figure 3-5. As 
the £ in- »•figure' flve of these wells are situated close to 
the Maurice River near the southern end of town. Four of these 
thl greened approximately 100 feet below the ground while 

fifth is screened approximately 300 feet below the ground. 
While it is not known whether the groundwater recharges the 
river or vice versa, the cities of Vineland and MillviHe b^th 
periodically monitor their water distribution sylJems for 
i^Tp^endix^K111' ^iT b0th municipalities are presented Appendix K. In Millville, arsenic was undetected at the 
concentration level of 0.005 mg/1 (5 ug/1) inVineland arsenic was undetected at the level of 0.05 mg/1. vineland, 
31 • 4 Flood Plain Delineation 

froii6 tVe Ma11 i n e s the distance of the 100-year flood boundary 
«£nn Maurice River at each surface water and sediment 
sampling station along the Maurice River. The 100-year flood 
nrin?317 °ws the Predicted highest extent of flooding that may 
from the^NTnPP n- •°°"year^ Peri0d' The inf°™ation was obtained from the NJDEP Division of Coastal Resources. 

statti1oensBERC^atVA Br^n?' adjacent to the site by stations ER-3, -3A and 4, the flood boundary is affected bv the 
topography. The 100-year flood plain is at the 66- S 67- f S 
elevation. The boundary therefore very closely approximates the 

branch caused by tha b~^rsshbbne 

m^ tahion2.ni.tao« 
feet1 ^ust north of^i "°°? £°undary ran9es between 200 and 700 * north of Union Lake, at stations ER-9E ER-QF FP in 
and the "inn th6 maximu™ distance between the banks' of the rivet 
feet from theyMaL"e00Rive0rUnaary bStWeen 1'200 and 2'°°° 

boundary is on the lake's edae At FR TJ in°si:. Peaces the 
and*less th^n "^"feef' dam' J""""3"* is l-» less than 900 feet, respectively, from the Maurice River. 
At stations ER-20 through ER-37, the 100-vear e 
varies between approximately 1,100 feet wide near ER 20 approximately 3,600 feet wide at FA 17 »IT near ER-20 to 
100-year fjod 'bounda" iT "coincident7 wit" oSTbaS"^ tto 
Another W.St bank) and extends almost entirely to the east 
the 100 vear'f"lond' V® Channel is closet t0 <=he middle of 
the river The msn^Vh t extends °ut alon9 both banks of f„r,. lver- The maps that cover stations ER-38 throuah ER sn 
further south on the Maurice River are not available TmL h 
?e^eaththat.wthe fl°0d Plain is approximately the same sTze o r  larger than the flood plain at ER-37. 0r 
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TABLE 3-4 
ZOO - YEAR FLOOD PT.ATM pnTT^p^^y 

MAURICE RTVFP 

STATION NTTMBE? 

ER-5 
U ER-6 
P ER-7 
P ER-8 
E ER-9 
R ER-9A 

ER-9B 
M ER-9C 
A ER-9D 
U ER-9E 
R ER-9F 
I ER-10 
C ER-10A 
E ER-11 

ER-12 
ALL EL's 

L 
0 
W 
E 
R 

M 
A 
U 
R 
1 
C 
E 

ER-13 
ER-14 

ER-20-37 

ER-38-50 

APPROXIMATE FLOOD PLAIN DISTANCE -
IQQ YEAR FLOOD BOTTflpfipv 

<200 feet from the Maurice River 
<200 feet from the Maurice River 
<600 feet from the Maurice River 
<400 feet from the Maurice River 
On Little Robin Branch-Not Available 
<200 feet from the Maurice River 
<200 feet from the Maurice River 
<700 feet from the Maurice River 
<200 feet from the Maurice River 
<2000 feet from the Maurice River 
<1200 feet from the Maurice River 
<1200 feet from the Maurice River 
<1200 feet from the Maurice River 
On Parvin Branch-Not Available 
On Mill Creek-Not Available 

In Union Lake-Less than 200 feet from 
Union Lake, mostly on banks 
<500 feet from Maurice River 
<900 feet from Maurice River 

Varies between approximately 1,600 feet 
wide at north end of the Lower Maurice 
River to approximately 3,600 feet wide 
farther south near EA-37 

Assumed to be similar to ER-37 
Maps Not Available 

- - vs.' w, 

Source: Floodway Flood Boundary and Floodway Map, National Flood 
insurance Program, NJDEP, Division of Costal 
Trenton, NJ, 1982-1985. Resources, 

6241b 
3-15 



3.2 SEDIMENT 

Recording to the Soil Survey of Cumberland County (USDA 1978) 
£?LrfS01 Wlthin ";e B.la.clcwater Branch and the Maurice 
flood plains are classified under two soil assoriat-innc 
Muck-Atson-Berryland association and the Tidal Marsh association. 

°" th® .banks of the Blackwater Branch and on the banks 
?n Vl MUrtCf.RlVer n0rth of Union Lake are mostly Muck soils 

the Muck-Atson-Berryland association. These are lowlanH 
nearly level poorly drained organic and sandy soils Thef4 
soils are predominantly wooded, with Atlantic white-cedar beina 
tnsthesrnsonils  ̂U hi»h £or "r^s T? 3 A' whlch. causes severe limitations for most uses 
If drained, these soils have low available water capacities' 
severely X°W bearing capacities, and, if drained, subside 

3° Hi °l banks of the Maurice River south of Union Lake 
and on the banks of the Maurice River Cove on the Delaware Bav 
"A"lthir\thf T!dal Ma"h association. These ^re lowland 
flats' th3?C l6VeX-' lBTy poorly drained, silty or mucky tidal 
all Uf If e.SUhleCt t0 daily flooding. This association is 
the r!h!n r about six miles wide in most areas, but alonq 
the Cohansey Creek and the Maurice River, it extends inland i? 
miles. Tidal Marsh normally supports a strand of qrasses that 
^L^eratekSa'tS fr°m tidal "ater and daily flooding Mis 
association has severe limitations for all urban uses 
beehSarveVstedeen whe'n d"ined and diked so that salt hay can narvestea. When drained, areas of the Tidal March 
UP« drying and regaining sulfur prevent %% 

3-2.1 grain Size Distribution 

Each sediment sample was analyzed for grain size di^rihnUnn 

s1sandtaes^h\huanni1,cosrarndst? jo ^ ur9" 
(more than 8). These results are presented'in Appendix^ ^ 

nn°^n.tW°"ehirds o£ the stream sediments were comprised of 
o? an nn»and a1" ̂ "ides. Less than one-third werTcomprised 
than 60%* sand sY/e* YYW 
Union Lake had less tYan 60% sand s"e particles Tbo'ut'half °J 
betweenC609and eo%nsandnf -the Up?erKMaurice sediments were 
100% sand size L!!JA6' an about half were between 80 and 
less than 10% clay SampleS had less than «» «i" and 
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3.3 BIOTA 

3«3.1 Species Investigated 

Three types of fish were sampled from the Maurice River north nf 

^i^s^^ isnv 7"lnch £i5h -

Two fish samples were obtained below Union Lake, yellow perch 
were"3 discarded ""^i ^ "^»«e caught in Sl^tPSU p.®. discarded. The crabs sampled were of the species 
river^nd& tUS^Si (bl"e "abs) 3 The oysters obtained from the 
Zi^aiiu^ (American 0ysrter)3y °£ th* SPeCieS C"""*™ 
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4.0 NATURE AND EXTENT OF COWTamtwattdm 
4.1 SURFACE WATER 

Surface water samples were obtained in Phases I and II In 
Phase I, samples were obtained from the Blackwater Branch and 
the Maurice River above Union Lake. In Phase II, water samples 
were taken m the Blackwater Branch, the Maurice River above 
Union Lake, and the Maurice River below Union Lake. The 
a?-1ytifal res,ults for Phase I are presented in Appendix A, 
while the results for Phase II are presented in Appendix B. The 
total and dissolved arsenic concentrations from Phase I and II 
are presented in Table 4-1. 
Phase I 

The arsenic concentrations in the Blackwater Branch upstream 
from the ViChem Plant were low to undetected in Phase I, based 
on the results from ER-0, -1, and -2. The arsenic concentration 
downstream from the plant in the Blackwater Branch was much 
higher, ranging from approximately 300 ug/1 at ER-4 at the Mill 
Road Bridge to almost 700 ug/1 at ER-5, approximately 1.5 miles downstream of the plant. 

The arsenic concentration in the Maurice River above the 
confluence with the Blackwater Branch was below detection limit 
(10 ug/1) at ER-6. The concentration below the confluence was 
higher, approximately 130 to 160 ug/1 at ER-7. The 
concentration decreased steadily downstream to approximately 70 
ug/1 at ER-10 just above Union Lake. The concentrations just 
below Union Lake at stations ER-13 and ER-14 were similar to the 
concentration entering the lake at ER-10, 67 and 62 ug/1. 

The arsenic concentrations were also determined in several 
tributaries entering the Maurice River. Arsenic concentrations 
SrarnrhVerJnflMWn°rUnd?teCte^ in th® Little R°bin Branch, Pine Branch, and Mill Creek sampled at stations ER-9, -11, and -12 respectively. ' 

Other inorganics detected in stations downstream of the ViChem 
plant that were not detected upstream included copper (6.4 
ug/1), lead (9.3 ug/1), mercury (0.3 ug/1) and silver (5.1 ug/1). 
Three volatile compounds were detected in the surface water 
samples: acetone, dichloroflouromethane, and 2-butanone. Of 

acetoJe was detected most frequently. Acetone was used 
J I! decontamination of sampling equipment and was also found 

some field blanks. The latter two compounds were found in one sample each. 

r 
phase xi 

arsenfc concentrations for each station sampled in 
Phase II are shown in Figures 4-1 through 4-3. Table 4-1 
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STATION 

ER-0 

ER-OA 
ER-OB 
ER-OC 
ER-1 
ER-2 
ER-2 Dup 
ER-3 
ER-3A 
ER-4 

ER-5 
ER-6 

ER-6A 
ER-6A Dup 
ER-7 

8259b 

DISSOLVED*3) 
ARSENIC (uq/1) 
10a 
lOu 
lOu 

lOu 
lOx 

206x 
250x 
208 
215x 
698 
lOu 
lOu 
lOu 

124 
128 

TABLE 4-1 
SURFACE WATER ARSENIC ANAIYSFS 

PHASE I 
PARTICULATE*'') 
ARSENIC fuu/11 
4.5x 
2.4x 
1.4x 

0.5u 
0.5u 

39 
35.5 
38.5 
43 

118 

0.5u 
0.5u 
0.5u 

13 
13 

TOTAL*c) 
ARSENIC 
(tig/1) 

330 
290 
280 

134 
160 

PHASE II 
DISSOLVED*3) 
ARSENIC tuo/l> 

4u 

4u 
4u 
4u 
5.5 J 
4u 
4u 
4.8 J 

2790 
202 

460 
4u 

4u 
4u 

91 

TOTAL*c> 
ARSENIC 

lOx 

2.2J 
6u 
6u 
6u 
2.5 J 

61 

6200 
153 

5703 
6u 

4.5J 
4.4J 
10X 
lOx 

;-Hh 



STATION DISSOLVED*3* 
ARSENIC (ua/11 

ER-8 114x 106x 
ER-9 10u 
ER-9A 
ER-9C 
ER-9D 
ER-9E 
ER-9F 
ER-10 56x 58x 51x 
ER-10A 
ER-11 10x 
ER-12 lOx 
ER-13 58 
ER-14 43 
ER-20 
ER-21 
ER-22 
ER-23 

8259b 

TABLE 4-1 (Cont'd) 
SURFACE WATER ARSENIC ANALYSES PHASES I AND IT 

PHASE 1 ! PHASE II 
PAARSENICTE(b) DISSOLVED*3* TOTAL*O 
(ua/11 ? /i? ARSENIC ARSENIC —Uia^L) (ug/1) —(uq/1) (uo/ll 
jfio ^ 10x 

5U 4o 6u 

65 123 
56 150 
4.4J 5u 
48 146 
36 105 

16 70 32 i« 12.8 70 125 
17.3 

28 102 

079 8.2 5u 
0.5u 
5.54 67 
8.6 62 

39 79.7 
37 91 
32 89 
26 10x 



TABLE 4-1 (Cont'd) 

SURFACE WATER ARSENIC ANALYSES 
PHASES I AND IT 

PHA5E_J PHASE II 
STATION OISSOLyED(a) PARTICULATE^) T0TAL<O OISSOLVED<*) T0TAL<O 

fSo/n ***»£ ARSEN?C ARSENIC _jimZll— (oq/1) (u^ii 
ER-26 
ER-27 
ER-29 
ER-32 
ER-32 Dup ^ g 
ER-37 

^ ER-38 i 
ER-39 
ER-40 
ER-43 
ER-44 
ER-45 
ER-50 
ER-51 

(b) ~ mtrate of saaple filtered in the field* 
- Results of analysis of filter paper - expressed as ug per filter. 

/-» Approximately 1 litre of water filtered per sarnie , 
V »/ a llltf 1 1 f AI*Ail i n ^ Unfiltered in field 
Explanation g£ Codes 

u - Undetected at given detection limit 
x - Rejected 
J - Estimated concentration 

-lugZLL 
27 73 
26 82 
17 50 
16 52 

44 
7.2J 18 
5.8J 12 
7.1J 25 
10 18 
10 13 
5u 12 
8.4J 8J 
5.3J 2.8J 

2.7J 

P990 200 

8259b 
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KEY 
SUHFACE SEOIMENT |ASI ppm 
SURFACE WATER |ASI ppfa 
U • UNDETECTED 
I I * ESTIMATED VALUE 
J • VALUE BETWEEN CRDL ANO IDl 
X •' REJECTED DATA 

9990 200 NIA 

u.s. environmental protection agency 
vine land chemical company site 

FIGURE 4-1 

surface water arsenic results 
blackwater branch 

phase ii 

ebasco services incorporated 





NORTH 

UNION LAKE DAM 

KEY: 

SURFACE WATER (AS) 
U - UNDETECTED 

I I - ESTIMATED VALUE 
J • VALUE BETWEEN CRDL AND IDL 
X - REJECTED DATA 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 4-3 

surface water arsenic results 
south of union lake 

phase ii 
ebasco services incorporated 
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fc*e arsenic concentration from Phase II, while Table 
surface wa^er \nlZl? ^ °f th® ComP°unds detected in the 
site staaataii°nns h°n jh® b1ackwater branch upstream of the vichem 

sg" tlMH?^ethtv"°rap-"i-easesdetc JZTl?j?5oo 

were 153 and 570 ug/1 at stations ER-4 and l"4? respScUve^0"3 

%Lr2r»?*sxẑ sr 
ffisrss ~ Er"° »<3r$2S%> '.WiS-u1. sKi 

Union^Lake arcnACaseCa°nC^^\tsisTveir d^ns t^/nT T^V 
concentrations were seen at® the stations closest t° S? late 

SEWES?*-"- ssa-s aa.r£ 

ssjr^ssH^s 6r°yFa -h/T"' -Artiis 

field water quality tests 

??'taiTenpeer1adtuWreteroHUalEity test? "ere Performed in Phases I and 
oxygen were measured'at a'll 'sTst-10 C(?nt^c^ance' and dissolved 
was measured at all stations ^n Phavo 4 °4 Phasea' Salinity 
at the stations belovt unum lake in phase^i! °,nl? 
presents the water quality tests for ph«! i i'-, ble 4-3 
presents the results forPhaseII. ' "hlle Table 4'4 

8259b 4-8 
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COMPOUND 

**CLASS: VOLATILES (ug/1) 
Methyl Chloride 
Trans-1/2-Dichloroethene 
Trichloroethene 
Benzene 
4-Methyl-2-Pentanone 
Di-n-Butylphthalate 
Bis[2-Ethlhexyl]Phthalat 
Di-n-Octyl Phthalate 
Gamma-BHC 

**CLASS: INORGANICS (ug/1) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

7999b 

—-•—-4$ 
TABLE 4-2 

SUMMARY OF CHEMICALS DETECTED 
SURFAOE WATER 
PHASE II 

™ r* ̂  ̂ MINIMUM MAXIMUM NO. OF NO. OF 
NO. OF NO. OF DETECTED DETECTED ESTIM. REJECTEE 
gggjR. ANALYSES CONCENTRATION OONCBnRATION VALUES VALUES 

1 19 4.0 
1 24 9.0 
3 24 2.0 1 24 4.0 
2 24 3.0 
1 14 2.0 3 10 0.6 
1 14 8.0 
1 14 0.004 

4.0 1 6 
9.0 0 1 
ll.o 2 1 
4.0 1 1 
4.0 2 1 
2.0 1 o 
6.0 3 3 
8.0 1 o 
0.004 1 o 

38 43 132.0 
3 43 18.0 
61 80 2.2 39 41 32.0 
2 43 2.4 1 25 4.6 
34 34 3170.0 
12 43 7.7 2 43 51.0 
22 43 11.0 34 34 124.0 16 29 2.3 
43 43 1600.0 43 43 18.3 11 43 0.2 
10 42 7.9 
41 43 405.0 4 23 0.5 
8 43 9.6 
34 34 3580.0 
2 22 0.6 
13 43 6.5 
7 7 8.0 

1110.0 7 0 
38.0 1 0 6200.0 17 5 
148.0 39 2 
2.4 2 0 
4.6 1 18 

207000.0 12 9 
56.0 3 0 
66.0 0 0 
87.0 16 0 

3660.0 16 9 
29.4 6 14 

591000.0 41 0 
129.0 4 0 
0. 8  0 0 

112.0 3 1 
232000.0 25 0 

2.4 4 20 
35.0 1 0 

6092000.0 4 9 
1.3 2 21 
60.0 12 A  

74.1 4 
' < m a 
o o to 
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TABLE 4-3 
SURFACE WATER QUALITY 

FIELD TESTS 
PHASE I 

FIELD TESTS SUKFAL.E 
WATER 
STATION DESCRIPTION 

TEMPERATURE (°C) PH 
(S.U. 

Eh 
) (mv) 

SPECIFIC 
CONDUCTANCE 
(umhos/cm) 

DISSOLVED 
OXYGEN 
(mq/1) 

SALINITY 
(%) 

ER-0 Surface* 20 4.8 6.8 
\ * / 

ER-0 Surface 
Sediment 

21 6.5 5.7 
6.7 

7.0 

ER-1 Surface 18 6.0 6.0 6.3 
ER-2 Surface 23 6.8 5.4 8.0 
ER-3 Surface 

Sediment 
24 6.2 5.5 7.4 

9.5 
ER-4 Surface 23 6.2 6.0 2.6 
ER-5 Surfaae 

Bottom 
Sediment 

17.3 
17.3 

6.0 
5.9 

0.15-•0.20 
7.8 
7.6 

ER-6 Surface 
Sediment 

23 5.6 6.6 
4.7 

6.5 

ER-7 Surface 
Bottom 

20/21 
18/20 

4.1 
4.15 

52 
55 

8.1 
8.1 

5.0 
5.0 

ER-8 Surface 21 6.1 7.8-8.2 
ER-9 Surfaae 

Bottom 
19.5 
20 

4.5 
4.5 

55 
150 

10 
9.4 

0 
0 

ER-10 Surface 
Bottom 
Sediment 

25 
25 

7.2 
7.0 

5.8 
5.9 
5.7 

8.2 
7.9 

ER-11 Surface 
Sediment 

19 6.5 8.2 
8.4/8 .6 

3.7 

ER-12 Surface 15 6.8 4.5 40 9.5 0 
ER-13 Surface 25 6.8 0.72 85 7.6 0 
ER-14 Surface 24 6.2 0.60 90 7.6 

< 
0 £ 

* Test performed after rainfall o 

4-10 
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TABLE 4-4 
SURFACE WATER QUALITY 

FIELD TESTS ~ 
PHASE II 

SURFACE 
WATER 
STATION 

FIELD TESTS 
TEMPERATURE (°C) pH 

(S.U.) 
SPECIFIC DISSOLVED 

Eh CONDUCTANCE OXYGEN SALIN] (mV) (umhos/an) (mg/l) (%) 
+170 40 5.8 
+240 70 4.4 +100 20 5.8 

100 7.9 
+160 50 5.6 
+137 60 6.7 
+150 90 8.0 
+140 65 6.2 +160 80 7.6 
+150 80 7.4 
+155 65 6.4 
+120 60 6.2 +130 40 8.0 
+125 20 8.2 +140 80 8.0 +150 35 6.8 
+ 90 65 7.5 +135 90 7.8 
+140 60 7.6 
+140 100 7.8 
+150 110 7.6 +150 460 4.0 +150 98 6.2 0 +140 119 7.2 0 +150 95 4.7 0 +140 95 7.2 0 +130 115 6.9 0 +130 121 6.6 0 +120 308 6.4 0.2 +115 710 4.9 0.5 +105 6500 5.1 4.7 +100 10/100 5.2 4.9 +135 4f400 5.9 2.8 +130 5,800 4.9 3.2 +120 9,900 3.8 5.5 +120 16,000 3.1 9.0 +110 23,000 3.2 13.5 + 80 27,000 4.2 16 + 90 32,500 5.2 19 

ER-0 22 6.1 
ER-OA 21 4.8 ER-OB 30 7.4 ER-OC 24 6.8 
ER-1 27 6.8 ER-2 23 6.8 
ER-3 
ER-3A 25 6.5 
ER-4 24.5 5.4 ER-5 22 5.2 ER-6 25.5 7.4 
ER-6A 22.5 6.4 ER-7 24 7.0 ER-8 27 7.4 ER-9 26 6.8 ER-9A 25 7.0 ER-9C 25 6.8 ER-9D 27.5 7.5 ER-9E 27 6.8 ER-9F 27 6.7 ER-10 28 6.8 
ER-1OA 27.5 7.8 ER-11 25 6.9 ER-20 28 6.2 ER-21 275 6.6 ER-2 2 27 6.2 ER-2 3 28 6.5 ER-2 6 28 6.7 ER-2 7 28 6.6 ER-2 9 28 6.8 ER-3 2 28 6.9 ER-3 7 28.5 6.9 ER-3 8 28.5 7.0 ER-3 9 29 6.5 ER-40 29.5 6.7 ER-4 3 29 6.7 ER-4 4 28 6.8 ER-4 5 28 6.9 ER-50 28 7.5 ER-51 28 7.2 

4-11 
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ER!7PHtoV"ieMgheto7e7 a, 'T 4:1 on upper Maurice River at 
There were 

SnLn^Lrke'afET-l^'lrV^ "oTfh T"" °-60 ju5t a°ut» of 
values between 4 ana 6 in Phase II thW"^' "ith most 
higher, generally over 100 mV it is hill -Va J?S much 
instrumentation problems were experienced in Phase r ?t S0?e 

KSit%,ar̂ :-r.w^Vri:Wct""" b°V: ^ 
surface water system. "dered more representative of the 

B1 ackwaler^Vranch^wa^low, general l^TeLthe 
specific conductance was slfnhHv f ̂  f umhos/cm. The 
umhos/cm) on the Parvin Branch Stat lor, ER-11 (460 

s^STj -SSSsrS 

downstPrVam£ltowa\TCtVenCDelawarte Bay"®1 I" T̂ ble*̂ " ™craased 

elc3rsavnerlp3e7ci£ilthconadncvcncoem 
estuarr°atbltyherV/eSentfS the front"}^ 
conductance and the salinity^t^tations £^39 ̂ To tha'i the 
^.blTS ^ This 1 
KS ̂  ™ .Sf!22 
front was not necessarily in the same place o"sepame ̂ys'11331 

th^ ^er0" Mau^e Vivlfd™' ̂  "STiC "Nation in 
stations ER-32 and -37 The data ^ Kn u9/l in between 
specific conductance increase betwe^th 4-3 Show a lar9e 
As discussed in Section 5 arspnir these same two stations. 
solution in saline aters wMrh™37 PreciPitat^ out of observations. waters, which may explain these two 

literature vaii^ 

(Ro^ey?9 it9°7it,h,e ?heberf1oTldo„CinU0nty I"*" ««°«ces Data Report 
observed at the'NOrma 9ag° ng a^tio? (VR 7^o"^ L6Sults »«• 
in 1986. The specific conductanrp nf f"J • ® Maurice Rlver 
60 and 79 umhos/cm the DH ranL K *. river ran9ed between 
dissolved oxygen ranaed bJtwtiorf a^ ^tween 5.8 and 6.7, the 
and the biological oxva*»n HP a 3 percent saturation, 
mg/1. The dissi"ed Sic !nl 'h".96' betW6en °'4 and ^ 
water quality results obtained in PhasesTVd^I^arp3-PPb" The agreement with these values. ™ases I and II are in general 

8259b 4-12 



4.2 SEDIMENT 

Sediment samples were obtained in Phases I and II. i„ Phase I 
sediment samples from approximately 0 to 1 foot were obtained 
^ Phase H 1~„VaCkWater BranCh and Maurice River? 

^ • Iw sediment core samples from 0 to 3 feet were 
°^'ned \n the Biackwater Branch and the upper Maurice Rivlr 
wir S„Ur£a-Ce s®dlraent dred9e samples were obtained from thi 
lower Maurice River. The Phase I analytical results 
presented in Appendix A, while the Phase II results are 
presented in Appendix B. Table 4-5 presents the moan * 
samples"''011 tOP °ne f°0t °f •«"»»»* of Phase I anTn 

Phase T 

"feni.c. results of the Phase I sediment samples show 
basically the same pattern as that observed for the surface 
ter samples. Arsenic was detected at very low concentrations 

hLhoc!* ln tlJe b!ck9round samples (ER-0, ER-1, and ER-6) The 
highest concentration of arsenic was found at ER-3A near the 
mg/kq™ at ER in1 ml/k9> .a"d the concentrations decreased to 70 
mg/kg at ER-10, where the Maurice River enters Union Lake 
oruttirRobin^ra^ich "P** 1O" COncantrations in "e sediments uittie Robin Branch, Parvm Branch or Mill Creek The nniv 
Parameter detected near the vichem site that was not detected in 
detected at" 30 tttki" t"Spp dad™ium at 8-° m9/k9- Chromium was 
in concenttatSon9^9 "feveT/^niar"'tht6"!?^ 
sample ST™ 1VmS&. ̂  ̂ MaUri« 

Several volatile compounds were detected in sediment*! Tlloeo 
included acetone, toluene, several unknown compounds detected in 
te?ra?Mo?^th^rChi did»lorodifluoromethane,P 2-butatott and 
also found in sever a l^fietd bunks*' tc'et'ott9"6""7 "2 
decontaminate the sampling equipment. Toluene was found^tly at 
rsT- r°-nun^wnpr=„ 

jsisss " a s'" dichiorodif luoromethane? nant, a tetJa.ch lor°ethene are common laboratory contami
nants and were found in some of the laboratory reagent butts 
Phase IT 

tttuSnrttThe1 Vht ̂  °"®6 £°°Sth°°f footTfox 

the lower Maurice9 R^e" '"e^ecavtir"Thttr^atiir ̂  

< m 2 
are o o to 

o oh 
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TABLE 4-5 

STATION 

ER-0 
ER-OA 
ER-OB 
ER-OC 
ER-I 
ER-2 
ER-3 
ER-3A 
ER-4 
ER-5 
ER-6 
ER-6A 
ER-7 
ER-8 
ER-9 
ER-9A 
ER-9C 
ER-9D 
ER-9E 
ER-9F 
ER-10 
ER-lOA 
ER-1I 
ER-12 
ER-20 
ER-21 
ER-2 2 

8259b 

MEAN SURFACE SEDIMENT ARSENIC odncentoattdm.c; 
PHASES I AND II 

PHASE I PHASE II 
MEAN ARSENIC CONCENTRATION (3) MEAN ARSENIC CONCENTRATION(a) 

•(ni9/kg) ___ . (mgAg) 

5 
5 

331 
55 
74 
5 

70 
104 
5 

70 

5 
5 

l.OuJ 
1 .OuJ 
6.0UJ 
3.3 
8.0 
5.8 

410 
2300 
91 
37 
2.7u 
1.5u 
7.1J 
14J 
2.2uJ 
71 
45 
3.2 

130 
180 
460 
68 
8.7 

9.9 
25 
234 « 

h a 

4-14 _ o 
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TABLE 4-5 (Cont'd) 
MEAN SURFACE SEDIMENT ARSENIC CONCENTRATIONS 

PHASES I AND II 

PHASE I PHASE II 
STATION MEAN ARSENIC CONCENTRATION<a> MEAN ARSENIC CONCENTRATION <a> 

: (E2A21 (nwAq) 

ER-23 
ER-26 
ER-27 
ER-29 
ER-32 
ER-32 Dup 
ER-37 
ER-38 
ER-39 
ER-40 
ER-43 
ER-44 
ER-45 
ER-50 

21 
35 
93 
16 
59 
12 
136 
41 
9.2 
19 
11 
32 
27 
20 

(a) ' of aJ1^p71' sediment samples or sediment dredge samples 
taken at this station. If only one sample obtained, that 
value is reported. ' 

Explanatory Notes 

u - Undetected at given concentration 
J - Estimated value 

4-15 8259b 
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millvil 

UNION LAKE DAM 

NORTH 

MAURICE RIVER COVE ^ 
DELAWARE BAY 20 ER-50 

KEY. 

SURFACE SEDIMENT (AS) - ppm 
U - UNDETECTED 

I ) - ESTIMATED VALUE 

J • VALUE BETWEEN CRDL AND IDL 
X - REJECTED DATA 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 4-6 

SURFACE SEDIMENT ARSENIC RESULTS 
SOUTH OF UNION LAKE 

PHASE II 

EBASCO SERVICES INCORPORATED 
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tabulated in Table 4-5. Cross sections showing the arsenic 
Appendi" I10" Tableea4Chfi COre S-mple "Uh depth are Presented in 
0-1 foot samples froVeaTS""" chemicals Oetected in the 

rn?;?}• s 

seen at station ER 3A irT^hp surface sediment concentration was 

as k%, s 

verreamiour°mtothe nnde^V B"nCh'. the Maulice showed 
oonoentnations wete highe^lowns^m^with0^^"^!^ -IT 

concentrations above ^iSlU" 
was seen at ER-10, approximately 460 mj/kg concentration 

B^"bUandriMuddymPRun 'all^diai,1; Ld"le R°bin Branch' Pa"in 
arsenic concentrations d"Play®a very low to undetected 

& r£c^^£«sae r-p-aass 
concentrations at the surface than at- /howed higher arsenic 

" /e"tk 525" 

~u*AT:S £ another" ̂ he're" dT --entfa? 
sediments are Subiect to ™ JlVn dJta may indicate that the beds. subject to mixing and overturning in the stream 

lessS6^h^n\0art^'over1 mV/kaS  ̂  Uni°n Lake varied 
pattern of arsenic rt-icst-rih • There was no discernible 
section of the Maurice River ln the sediments along this 

Above Union" Lake^the ToireS^^oncantraMo376'3 h "iae vatiatlon-
than 1,000 mg/kg, usually in i-h*m! •'atl0_n.s observed were less 
Lake. The highest concentration was^at er^a Uni°n 

the plant, 349,000 ma/ka n0in„ Ti 8 \ , 3A in the swamp by 
above 10,000 mg/kg with' t-ho n^ir ?n, 8 ' most samPles were ER-22. 9 9/ lth the peak of 102,000 mg/kg at station 

< 
H 2 

o 
o 
to 
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COMPOUND 

"CLASS: VOIATTI F^ (ug/kg) 

Methyl Chloride 
Carbon Disulfide 
2-Butanone Toluene 

"CLASS: BNA (ug/kg) 

Bi s[2-Chloroethyl]Ether 
Benzoic Acid 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Diethylpthalate 
Fluorene 
Phenanthrene 
Anthracene 
Di-n-Butylphthalate 
Fluoranthrene 
Pyrene 
Benzo[a]Anthracene 
Chrysene 
Benzo[b]Fluoranthene 
Benzo[a]Pyrene 
Indeno[l,2,3-CD]Pyrene 
Benzo[G,HfIJPerylene 

"* CLASS: PFST/PrR (Ug/kg) 

Gamma-BHC 
4-4-ODD 
Endosulfan Sulfate 
4-4-DDT 

0890 300 NIA 
7999b 

i k) o 

TABLE 4-6 
„ SUMMARY OF CHEMICAIS DFTFrTFn in 
SURFACE SEDIMENTS; 0-1 FT, SAMP1FS 

PHASE tl 

MINIMUM MAXIMUM NO of no nr 
NO. OF NO. OF DETECTED DETECTED ESTIM REJECTED 
Q££UR=. ANALYSES CONCENTRATION CONCENTRATION VALUES VALUES 

1 
14 
7 

12 

3 
4 
3 
3 

3 
4 
13 
260 

1 1 
2 
3 

13 
1 
8 
3 

1 1 2 1 1 
2 
1 
4 
4 
2 
7 
7 
3 
4 2 2 1 1 

15 
15 
15 
15 
15 
15 
15 
15 
15 
9 
15 
15 
15 
15 
15 
15 
15 
15 

860 
310 
67 
450 
350 
42 
620 
150 
170 
42 
30 
32 
110 
190 
210 
150 
83 
83 

860 
310 
83 
450 
350 
67 
620 
2100 
350 
67 

1100 
1200 
200 
670 
370 
170 83 
83 

1 1 
0 1 
2 0 
3 
4 
2 
6 
6 
3 
3 1 2 1 1 

14 
13 
15 
14 

230 
13 
23 
32 

230 
45 
23 
32 

2 
3 1 
2 



TABLE 4-6 (Cont'd) 

SUMMARY OF CHEHIfAl S DETECTED TN 
SURFACE SEDIMENTS; 0-1 FT. SAMPLES 

PHASE It 

COMPOUND 
MINIMUM 

NO. OF NO. OF DETECTED OCCUR- ANALYSES CONCENTRATION 
MAXIMUM 
DETECTED NO. OF NO. OF 

ESTIM. REJECTED 
VALUES VALUES 

i n; 

'*CLASS: INORfiAMTfS (mg/kg) 
Aluminum 
Arsenic 
Barium 
Beryl 1 i urn 
Cadmi urn 
Calcium 
Chromium 
Cobalt 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Silver 
Sodium 
Vanadium 
Zinc 

16 23 262 79 112 1 32 36 9 1 23 1.6 10 36 1.2 13 23 10.0 4 23 3.1 9 23 6.0 90 98 80.0 21 24 1.9 8 23 64.0 9 16 7.2 7 36 0.2 6 23 1.5 1 23 380.0 1 36 4.4 4 23 337.0 9 23 4.1 16 23 4.1 

25965 0 0 3760 14 4 810 22 0 1.6 1 0 12.0 1 0 5480.0 10 0 6.8 4 0 119.0 1 0 39000.0 1 4 337.0 0 2 1440.0 8 0 102.0 1 7 2.7 0 0 17.0 4 0 380.0 0 0 4.4 1 0 846.0 4 0 49.9 7 0 162.0 1 0 

1890 200 NIA 9b 



Various other inorganic compounds were analyzed for above Union 
* ti. Antimony, selenium and thallium were not detected at anv 

of the river stations. Cadmium was detected at 1 21-3 9 ma/ko 
iron at 134-21,300 mg/kg, and lead at 1.95-314 mg/kg 9 9' 

The volatile compounds detected in the surface sediments north 
of Union Lake were toluene, acetone, 2-butanone, methyl chloride 
and a tentatively identified compound. Toluene was detected at 
inUER4-Bon ̂ "fnn at ^50 .an(l 260 u3/k9 in ER0C-A0, at 130 ug/kg 
, , ' j 100 ug/kg in ER6-A0 and at 15 ug/kg in ER9C-E0 
detected"*? tected at-,4 ug/kg in ER9D-A0, methyl chloride was 
•,,«/! 4. » • ug/kg in ER11-A0 and 2-butanone was detected at 3 
detected af vf /i. The tentatively identified compound was detected at 13 ug/kg in ER9E-A0. 

Several semivolatile compounds were detected in the surface 
sediments north of Union Lake. Most of the compounds were found 
in sediments from stations ER-0B, ER-10A, ER-1 and ER-9. The 
diethvlShthaTafe0 compounds were detected: acenapthalene, 

Z? ' acenaphthene, dibenzofuran, fluorene 
P enanthrene, anthracene, benzoic acid, idenofl 2 3-cdlnvrema' 
di-n-butylphthalate, bis[2-chloroethyl]eU»«. fLorlSe' 
be«S[a]pyernene 6ne' chrysene' "enso [b] f luoranthene, and 

Four pesticide/PCB compounds were detected in the surface 
IT rsm /nir°rth i)f Union Lake- Gamma-BHC was found in ER0B-B0 IR9C EO * 1 ,  and/t4-4-DD5 found in ER9-A0 at 18 ug/kg, in 
ER9C-E0 at 45 ug/kg, and m ER10A-I0 at 13 ug/kg. Endosulfan 
in ER9-A0Wat " 23 u'"« 4™ — found 

Six compounds were detected in the EP toxicity analysis of the 
at^-^l^uaT/^o A.rseni5: was detected at 19-240 ug/1, barium 
lead at fi 7 inn /i01""!* 7-12 ug/1' chromium at 7.8-10 ug/1, lead at 6.7-300 ug/1 and mercury at 2.1 and 2.7 ug/1. 
4,2,1 Supplemental Sediment Samp]inn 

been ̂submerged" by" "he" (°LT \r" that had 

as"CobtratldnS' Vety £ew 3amples had undetected"arsenic "levels 
Branch UP"r6am °£ the "ooded area in the Blacker 
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APPROXIMATE LIMITS OF FLOOOING 

SEDIMENT SAMPLE LOCATION 

0-2 FEET 

2-4 FEET 

I | 4-6 FEET 

3SOITecC?Ee"cteo in blank as wm 
SCALE IN FEET 

90 100 

e890 ZOO NIA 

u * ENVIRONMENTAL PROTECTION 
AGENCY 

VINELANO CHEMICAL COMPANY SITE 

FIGURE 4-7 
AREA OF BLACKWATER 

BRANCH FLOOD ri.AIN TO BE REMEDIATED 
AND SEDIMENT ARSENIC ANALYSES 

E fl A SCO SERVICES INCORPORATED 



The maximum depth of arsenic contamination found was 
^r^ake'n h^rV" ̂  "°WSVer' samples deeper than this were not taken here, since the purpose of the sampling was to 
estimate volumes of sediments for removal. Excavation would not 
d1epCerthanretdhi^aCtlCal f°r materialS in the *lood™n muc£ 

nancln kJ^V,31!0 pres®nts the approximate limits of flooding 
Th?! 1..^ f beaver dam in the Blackwater Branch flood plain 
anH H determined by observing a topographic map of the area 
s i g n s o f f l o o d i n g .  ° 0 < 3  P l a i "  ° n  £ ° 0 t  t 0  d e t e r m i n e  o b « ° " s  

4.3 BIOTA 

f"h sa™ples taken above Union Lake were analyzed for 
total arsenic and pesticides/PCBs. The samples taken in the 

I Maurice Rlver' two fish, one crab backfin, one crab 
hepatopancreas, and two oysters, were analyzed for total 

Pl9ur?s 4"8 and 4"9 display the arsenic results from 
the upper and lower Maurice River stations, respectively. All 

the analytical data are presented in Appendix A. 

The results for the fish samples from the upper Maurice River 
showed undetected pesticide/PCB values. The white bass and blue 

!!0 undetected arsenic values. The black bullhead 
showed an arsenic concentration of 0.91 mg/kg. 

IV««CawflSl! an<i yellow Perch sampled in the lower Maurice River 
also showed undetected arsenic values. The crab backfin, cr!b 
hepatopancreas and the American oyster from the river showed 
oyster ' taken in h,' 9 na"enlc' respectively. The American oyster taken m the Delaware Bay displayed an arsenic concentration of 1.2 mg/kg. ^ y an arsenic 

4.4 BLANKS 

Table 4-7 summarizes the chemicals detected in the field blank 
samples from the Phase II sampling program and Table 4 8 
summarizes the chemicals detected in the trio blank ! L« 
Methyl chloride, acetone, 2-butanone and toluene were detected 
in some of the field and trip blanks. The only VemivSiS?J?f 
detected was bis-[2-ethylhexyl]pthalate at 0.3 ug/1 Metals 
rout^f^lie^d'bfa fkiSld, "a.nks °nly* Arsenic was detected in out of 23 field blanks at 1.4J and 7.8 J ug/1. 

< h 2 
o 
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COMPOUND 
"CLASS: VOLATILE^ (Ug/1) 

Methyl Chloride 
Toluene 

"CLASS: BNA (ug/1) 
Bi s[2-Ethylhexyl]Phthalate 

"CLASS: INORGANICS (ug/1) 
A1uninun 
Arsenic 
Bariun 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Selenium 
Sodium 
Zinc 

Z.890 200 NIA 
. .49b 

TABLE 4l7 
SUMMARY OF CHEMICALS DETFfTFn 

FIELD BLANK SAMPI FS 
PHASE II 

MINIMUM MAXIMUM NO. OF NO. OF 
NO. OF NO. OF DETECTED DETECTED ESTIM. REJECTED OCCUR. ANALYSES CONCENTRATION CONCENTRATION VALUES VALUES 

3 5 3.0 16.0 3 0 
2 5 12.0 21.0 2 0 

0.3 0.3 

1 7 100.0 100.0 1 0 2 23 1.4 7.8 2 0 2 7 1.3 1.9 2 0 2 7 893.0 974.0 2 0 2 7 12.0 17.0 2 0 11 16 24.0 347.0 3 0 3 6 1.6 5.8 2 1 3 7 53.0 182.0 3 0 1 7 3.0 3.0 1 0 7 36 0.1 2.7 0 0 2 7 8.3 23.0 2 0 1 5 2.7 2.7 1 2 3 7 1490.0 2240.0 3 0 3 6 4.5 172.0 2 1 



COMPOUND 

"CLASS: volattifs 
Methyl Chloride 
Acetone 
2-8utanone 
Toluene 

i fo co 

8890 zoo „IA 
7999b 

TABLE 4-8 
SUMMARY OF CHEMICALS DFTFCTFn 

TRIP BLANK SAMPIFS 
PHASE II 

un „ MINIMUM MAXIMUM NO. OF NO. OF 
NO. OF NO. OF DETECTED DETECTED ESTIM. REJECTED 
OCCUR, ANALYSES CONCENTRATION CONCENTRATION VALUES VALUES 

4 7 3.0 
2 4 31.0 
6  11  3 .0  
4 11 2.0 

58.0 4 8 
3300.0 0 5 
86.0 4 4 
32.0 4 4 
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5.0 FATE AND TRANSPORT OF ARSENIC 
5.1 GENERAL GEOCHEMISTRY OF ARSENIC 

^S^i?iiShUb1iquiKtOUS in the earth's crust at low concentrations, 
generaliy below 5 mg per kg (USEPA, 1976). it occurs in four 
oxidation states: the -3 state, the metallic (0) state, and the 
*3 and +5 states. The metallic state can be found in Certain 
types of mineral deposits; the +3 • and +5 states are common in a 
waters^ The0"^le* m;ner.als and in dissolved salts in natural 
waters. The -3 state is present in gaseous AsH3 (arsine). 
Arsenic occurs most frequently in nature in the pentavalent (+5) state as arsenate. v ' 

In soil, arsenic is present at concentrations from 0.1 ppm to 
more than 1,000 ppm, depending on the soil's particular 
geo ogical history (Ehrlich, 1981). Analysis of 1,577 US 
surface waters showed arsenic to be present in 87 samples with 
concentrations ranging from 5 to 336 ug/1, and a mean level of 
64 ug/1/ (Kopp, 1969). In addition, large amounts of arsenic 
have been introduced into the environment in various chemical 
forms. Inorganic arsenic compounds such as sodium arsenite, 
anr?n,ntrSe 6 a" calcium arsenate have been used in I IreinarSeniC pentoxide is used as both a herbicide and a 
acid fCH arse"lc compounds such as monomethylarsenic 
acid (CH3AsO(OH)2) and dimethylarsenic acid (CHo)oAsOOH 

« cacodylic acid) and their salts have been widely 
used as herbicides and pesticides. In addition, smeltina 
operations and coal burning power plants have been sources of arsenic emissions into the environment. sources or 

Arsenic is mobile in the environment. Both natural and manmade 
arsenic can be cycled within the air, water, and soil by mechan
isms such as oxidation/reduction, adsorption/desorption 
demethylatioru ̂iSSOlUti°n' ^ biolo^cal methylation and 

5.1.1 Aqueous Soeciatinn 

Arsenic occurs in natural waters as arsenate (+5), arsenite (+3) 
wid Specie% A"enic acid (H3AS04) and arsenious 

3^ 3 * . formed from arsenate and arsenite 
l7'- ^rse^lous acid is formed from the dissolution of 

arsenious trioxide in water, whereas arsenic acid is formed from the dissolution of arsenic pentoxide in water. wormed from 

Under the pe (log standard oxidation-reduction potential) and dh 
species0"8 (h^o- °' s^3ce w«ers "the i 
j . . (H2ASO4 and HAsO? ) predominate Undpr 

moderately reducing (lower pe) aquatic condition^ the arsenUe 
species (H3ASO9 and H2As03) ar® likely to predominate. 

m 
Z 

O 
o 10 
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Of the two inorganic forms of arsenic, As+5 is the more* 
soluble (Weast, 1977). m solution it forms an oxyac?d? 
H3AS04, whose properties very closely resemble those of 
3 co~ s°lubility is 302 gm/100 cc water (Weast, 1977) 

as H3As04•1/2H20. As (V) forms insoluble salts with many cations ^Arsenic "IOO/1\ r ij^. 
H3p°4; Its solubility is 302 gm/100 cc water (Seast, 197?) 

as H3AS04•1/2H20. As (V) forms insoluble salts 
MIJ K'?-lny cations (Arsenic, 1984). Table 5-1 lists the 
solubility products for a range of arsenates. 

As+3 has a solubility of 0.103M (41.6 gm/1 as As2Ofi) its 
(TrlVnil, T98S4?!Uti°n ^ Similar t0 that °f b°riC acid' B(°H3) 

Evidence suggests that the arsenite (+3) form of arsenic is four 
ten times more mobile in soil pore waters (and probably 

sediment pore waters) than is the arsenate (+5) species (Deuel 
(As+S)"0salt's "?2>tH ThlSf 18 dU/ t0 thS arsenate (As ) salts on the surface of sediment and soil materials 
In many systems, this results from the presence of iron and 
manganese hydroxides, which readily absorb As+5 into their 
T^nrZ*'- l*le lar?er As ion is Probably not as readil 
absorbed in these structures. This suggests that under reducing 
i n  tn^eZ condltlons' redox reactions may result in increases 
in total arsenic concentrations in the aqueous phase. 

fc-° direcJt. fffects on the solubility of arsenic 
itself, reducing conditions may indirectly increase arsenic 
concentratlons through the reduction of ferric (+3) to ferrous 
o^iLs Th^ irnnoet.aCCOmpaiiyi-ng dissoluti°n of amorphous iron 
oxides. The importance of iron redox reactions to arsenic 
nnmhir9 if1 t0 th-3t °f PhosPhorus> has been postulated by a 
number of authors, including Deuel and Swoboda (1972) and 

ana =avisc <i972>- This is of particular importance in 
iron levels50are%°rLent. MaUriCe drainage basin since 

Evidence indicates that aqueous speciation of arsenic is also 
Biomethv?ff biological methylation and demethylation. 

a H°n arsenicals is generally thought to occur in 
(1971> !h 5 environment of the sediment. McBride & Wolfe 
strain M O iTdoul^mPth"! anaerobl(r bacterium, Methanoh.rfpri,,. Jn" 'M.O.H could methylate arsenic, and produced dimethylarsine 
Th^r/i?°m ? V' AS (III)' and monomethylarsenic acid (MMAA) . 
adenosine triDhrUnh1 .whole cells of Methanohacteriurn required 
mffhS? 5 i triphosphate, hydrogen, and methyldonors with 
H?^S°?\lamine <CH3"B12> (Ridley et al., 1977). This 
biomethylation and reduction process is shown in Figure 5-1 
Gliocladium SP%Ci*\ .°£ £ungi' Candidate 
trImalh i species and a Penicillum species, were found to form 
acirpH Theecan^rtatthylat8dK?rSeniC substrates at neutral or acio PH. The Candidate was able to methylate dimethylarsenic 
Alexande°rn°mei9 77\ ""th" I*1-6' arsenate' and arsonite (Cox and < 
Alexander, 1973). The trimethyl arsine and dimethylarsine 5 
formed can be released into the air. Figure 5-2 shows "hi * 
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TABLE 5-1 

SOLUBILITY PRODUCTS FOR ARSENATES 1 

Arsenate , v asp 

A1AS°4 -15.8 

Ba3(As04)2 -50.11 

Ca3(As04)2 -18.16 

Cd3(AS04)2 -32.6 

CO3(AS04)2 -28.1 

CU3(AS04)2 -35.1 

Cr AS04 -20.1 

Fe AS04 -20.2 

Mg3(Aso4)2 _19>6 

Ni3(As04)2 -25.5 

Pb(As04)2 -34.4 
Sr3(As04)2 -18.1 

Zn(AS04)2 -27.4 

Mn3(As04)2 -28.7 

Where, for example Ksp = [Fe+3] [AS04 -3] 
FeAs04 

1 R;P-: 1963' "Equilibrium constants. -
Meites L ) pi 1?o1 J;"1?"1"1?' ist Edition (edited b weites, L.) Pl-13 to 1-19, McGraw Hill, Toronto. 
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ii 
o 

ARSENATE 

2 e" 
+ 3 

-• As - OH 
ii 
o 

ARSENITE 

ch3—b"|2 
ch3 

i +3 
-• HO - As - OH 

ii 
o 

METHYLARSONIC 
ACID 

ch3-b12 
CH3 

+ 1 

-• HO - As - CH3 -
II 
o 

DIMETHYLARSINIC 
ACID 

4 e" 

CH3 

I ~3 

• As - CH3 

H 

DIMETHYLARSINE 

SOURCE: McBride & Wolfe, 1971 
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biological cycle for arsenic. in addition, Andreae (1979) 
proposed that biological demethylatlon is responsible for the 
regeneration of inorganic arsenic from methylated arsenicals. 
5-1.2 PreciPitation/Pissoiution 

tronniCaiMm" f°rm ,in®ol}lble precipitates with calcium, sulfur, 
iron, aluminum and barium compounds in natural waters. These 
reactions have been proposed as controls on aqueous PhasI 
arsenic concentrations (Deuel and Swoboda, 1972). Arsenic 
sulfide (As2S3) is suggested as being of particular impor
tance under reducing conditions. However, since the nucleation 
and growth rate of the arsenical precipitates are sL 
arsenic species are more likely to be adsorbed on the surface of 
inorganic and organic substrates. 

5.1.3 Adsorption/Pesorption 

adsorbed°CfCoUrrmS inasoil/sediment Predominantly in an insoluble or 
adsorbed form. Arsenic has been shown to be adsorbed by a 
variety of sediment solid phase components including hydrous 
iron, aluminum and calcium oxides, clays and soil organic 
matter. in most geologic environments, evidence suggests the 
importance of soil iron oxides in adsorbing negativelycharge! 
anions, such as arsenate, preferentially. Woolson et al (1971) 
found that most of the arsenic residue from soil with a history 
and ra6£1C appllcabl01?s was found as Fe-As. Other forms, Al-As 
* J?'Z amay Predominate if the amount of "reactive" Al or Ca 
is high and reactive Fe is low. Arsenic adsorption appears to 
be better correlated to the clay content of the soil than to 
1975) °r9TheC reason11 f°ntt^ (Jac°bs. et al" 1970 and Wauchope, 
975). The reason for this relationship is that the hvdrous 
"Jv! aluminum oxide contents of soils usually vary directlv with the clay content of the soil. Y airectiy 

f 0rK cerain . 0r9a"ic arsenate compounds, soil organic 
and Faust7 rgsi)519"'^^ faCt-°/ in overa11 mobility (Clement ana Faust, 1981). Hydrous oxides also appear to be morp 
effective adsorbers of arsenic on a surface area basis than are 
appearsS1toCabe components of clays. The adsorption process 

/ .? dependent upon both system pH and reduction-
arsenairfisT o^,,rC=°na^tl0nS'-J-M"inlUra adsorBti°" arsenic: as arsenate (+5) occurs under acidic or neutral PH conditions with 
decreasing adsorption with increasing pH over the pH 7-9 ranae 
The maximum adsorption of arsenic as arsenate (+3) on hydrous 
wm)5 a5k"agu°»t:ccurrti?hthe,ph 7-9 range a»s 

! Gupta and Chen (1978) showed that the rate of 
adsorption decreases with increasing salinity and that 
pentavalent species have a greater adsorption affinity than do 
important TrTalrobiJh<T ̂  I"0" that adsorP«°n will be most 
redSJinS alkaline ana/ "at®f- As conditions become more <. reoucing, alkaline, and/or saline, arsenic is less likelv to h* m 
adsorbed and more likely to remain dissolved Y « 
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(alsor^r^r^ftrso^ Ta^on^cr °f /r"n'c 5°rbed 

aqueous phase arsenic concentrationmay°Jeelltltt™?/dtL^ 
partition or distribution coefficient (K): 

K = X/C (l) 

where: 

X " and""' °£ arSe"iC adsorbea to the solid phase in mg/kg, 
C «= aqueous arsenic concentration in mg/l. 

o f C K ° f o r  ' ^ c o n s t i t u e n t i n c l u d e : S n C e  

I tSl !o™randnvllen?eeofSa?se"c;rati°n 5tUdied; 

o solution pH, and 
o solid/solution ratios. 

SaSS1:SIS—" —3SS2 s\s: 

arsenate^ adsor"tion (as 
^oh1£ne\a%r£^0)HnHrf r-6--™** 

for" the" adIorp?ir 5 02"' E?epo"ed 
(wauchope and McDowell, 198\VTZ* 'are VslT^tVa to° helj*^ 

-™£Hr«^-•JS.'SS'.-.ass 
that of inoraanic arL^i^l2! 3 tl that of inorganic arsenfd. For equivalentinitial,„V.-W 
arsenic concentrations (2 5 x in-3 M®"• lnitiat sol"tion 
values (methanearsonate, K.75; cacodvlate £T cal<:ulated K 
the maximum K values calculated for ̂ orgadio^ars'ena^. 1655 th,n 

comparable UErffilTiVVrE,1.* *?VrVc""'"" ?" 
phase^8d Inr^neral99^aradition1) coef f ̂Var5f'J 

rME'hsi: -
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contamination. Arsenic migration in most field systems i« 
DhaspminaTh contro^ed. by arsenic desorption from the solid 
phase. Therefore, it is the magnitude of Kd that is most 

>nately applied to environmental fate studies. appropi 

Available information indicates that Kd for soil desorption is: 

o Significantly greater than K for adsorption; 
o A function of soil chemical composition, including soil 

pH and iron oxide concentration, and 
o Strongly affected by the soil redox levels. 

5.1.4 Partitioning to Sediments 

The partitioning of arsenic between natural waters and sediments 
processes' con^oll.ed by both Precipitation and adsorption 
processes. At low aqueous phase arsenic concentrations 
sediment-water partitioning may be predominantly controlled by 
adsorption/desorption processes rather than by direct precipita? tion (Clement and Faust, 1981). • piecipita-

In general when runoff occurs, dissolved arsenic is accumulated 
in the sediment by three interrelated processes: sediment 
loading, solute adsorption onto the sediment, and "entrapment" 
^MaSSOrb;? S°iUte ?S h6avier sed^nt particles are left 
behind The adsorption of arsenic to sediment is not an 
entirely reversible process and the sediment usually acts as a 
r 1 ^ f°r arSen.ic- wi^a (1985) has shown that the arsenic 
concentrations in sediment at the bottom of Union Lake were as 
watersS 6 °rderS of magnit"de higher than in the overlying 

5.1.5 gas transfer frnm soils 

A study by Woolson and Kearny (1972) showed that »innif^=nf 
counts of cacodylic acid (dimethyl arsenic acid)9 can b® 

ln the S011 vla blol°9ical activity. Any of the 
biological processes that produce dimethyl or trimethyl arsines 
kmftrt'na"" th5isf°fr. 938 .«<"»?«• "ux fr0m the =°ils h^er? 
rates are not well Vnown.1S 9Ult6 dl££icult £b* -action 

5.2 ARSENIC IN THE MAURICE RIVER WATERSHED 

RiveJ^ba^fn" wnilt|hehlranSP°-t a"d £ate °£ arsenic in the Maurice 
tJansnor? en* • . examined. An understanding of arsenic transport and inventories in the basin is essential in 
eff«tsniof Tme^^T 3t "Sk' remeaial alternatives, and the 
required m the n t ?• °" „the basin' i£ remediation is equired. In the next five subsections several important toDics 
on arsenic in the basin will be discussed. These iSclule: 

rSte^fTrienio"',11 ba made. o£ instantaneous releas, 
and 1987 The h- t6 SltS' b5Sed 0n Ebasc° data £r01 and 1987. The historic record of arsenic release wil 

8213b 5-8 



be examined and the total amount of arsenic released to the 
basin will be calculated. These data will also be used to 
establish the ViChem site as the only significant source of 
arsenic to the basin. 

2. The transport of arsenic within each subsection of the 
basin (i.e. the Blackwater Branch and upper Maurice River 
Union Lake, and the lower Maurice River) will be examined 
using water concentrations and flow rate measurements where 
available. where the flow information is not available, it 
will be estimated based on drainage area. Each subsection 
will be examined to determine if it is a sink or a conduit 
for arsenic from the site. 

3. The chemistry of arsenic in the waters and sediments of the 
basin will be examined. In particular, arsenic speciation 
and the desorption coefficient <Kd) will be examined for 
their spacial variations and dependence upon sediment 
organic carbon content, iron content, particle size 
distribution, and sediment redox conditions. The K,a 
values will be used to examine the relationship between the 
lake water and sediments. The potential for arsenic 
release from the sediments will also be examined. 

4. The sediments of the basin will be inventoried where 
possible. These data will be used to show the fate of the 
arsenic released from the site and clearly identify the 
arsenic sinks. This information will be compared with the 
results of the two previous subsections. 

5. The possibility of predicting future water column arsenic 
levels will be examined, particularly in reference to the 
MCL for arsenic of 50 ug/1. This section will also include 
a summary of the previous results. 

5.2.1 Arsenic Input to the WahPrsh^ 

SeCir-1ou' est.irnates. for the instantaneous arsenic flux 
the ViChem site will be calculated, discussed and 

compared. The history of arsenic release from the site will 
h!!°n • 1d.is1,cusse1l3 and a net arsenic input to the Maurice River basin will be calculated. 

concentrations in the sediments and surface waters of 
the Blackwater Branch upstream of the ViChem site were very low 
to undetected. Downstream of the site (ER-3 and below) the 
inThe'waV0115 7" flevated- Similarly, .rsenirSoncenTr.tiSS: 
ahnvp tlfo aiii sedlmenb of the Maurice River were undetected 
above the confluence with the Blackwater Branch and were 
Fiaure6s Ih- confluence- This is shown graphically in 
igure 5-3, which presents the arsenic concentrations and loads < 

fiaure^nH f ° ^ ̂urice River. It is clear from this a 
the V^fhpm PI»"I 6 Su YtlCal data in Tables 5~2a and 5"2b that ViChem Plant is the source of arsenic into the watershed. ° 

to 
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TABLE 5-2a 
EBASCO ARSENIC CONCENTRATIONS AND LOADINGS DOWNSTREAM FROM THE Bl ACKWATER BRANCH 

12SZ 

en i 

Stream 
Location Date Station Number Flow 

(ft3/s 
Blackwater 7/15/87 ER-0A 23.0 Branch 6/30/87 ER-0B 23.0 

7/14/87 ER-0 17.7 6/29/87 ER-1 17.7 
7/16/87 ER-2 7/10/87 ER-3 Blackwater at 

ViChem Site 7/29/87 ER-3A 14.6 Blackwater at ER-3A 14.6 
Mill Road 7/13/87 ER-4 32.3 6/25/87 ER-5 16.5 Upper Maurice 16.5 
Ri ver 7/15/87 ER-7 246.9 6/27/87 ER-8 246.9 

7/9/87 ER-9A 7/9/87 ER-9C 7/10/87 ER-9E 7/6/87 ER-9F 
Upper Maurice 7/9/87 ER-10 203.9 Upper Maurice 7/9/87 ER-10A 203.9 
River just above 
Union Lake 
Median 1987 Arsenic Load between Mill Road (ER-4) and Un 

Blackwater at 7/9/86 ER-4 7.9b 
Mi 11 Road 
Uppr Maurice 7/10/86 ER-7 61 River at Norma 61 

Arsenic Concentration 
(ug/1) 
c Diss 

4U 
4U 
4U 
5.5 J 
4U 
4.8 J 
2790 
202 
460 
91 
46.8 
65 
56 
48 
36 
32 
28 

1986 
208 

126 

Total 

2.2 J 
6U 
6U 
2.5 J 
61 

6200 

153 
570J 

123 
150 
146 
105 
125 
102 

Median Arsenic Load between Mill Road (ER-4) and Union Lake (ER-10A) for all Ebasco data 

a) For non-detect measurements the load is calculated using 1/2 of the detection limit. b) Flow = _14 x Flow at Norma. See text for ratio explanation. 
112 c) Dissolved arsenic. 

Arsenic Load 
(mg/s) 

BiiiC Total 

1.3 
1.0 

1150 
185 
215 
636 

185 

200 

46 

220 

200 

1.4 

2560 
140 
266 

721 

266 

Arsenic Load 
(metric tons/yr) 
Bi&iC Total 

0.041 

36 
5.8 
6.8 
20 

5.8 

6.3 

1.5 

6.9 

6.3 

0.044 

81 

4.4 
8.4 

22.7 

8.4 
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TABLE 5-2b 
EBASCO ARSFNTC CQNCFNTRATTQN$ AND LOADINGS IN THE other TRIBUTARTFS to THF iippfp maubtpf ptufp 

Location Date 

Upper Maurice 6/29/87 
River above the 7/15/87 
Blackwater Branch 
Little Robin 
Branch 
Muddy River 
Parvin Branch 

7/1/87 

6/30/87 
6/23/87 

Station Number 

ER-6 
ER-6A 

ER-9 

ER-9D 
ER-11 

Stream 
Flow 

(ft3/s ) 

193.2 

1.5 

41.9 
6.8 

Arsenic Concentration 
(ug/1) 
c piss. 

4U 
40 

4U 

4.4J 
8.2UJ 

Total 

6U 
4.5J 

6U 

6U 
5U 

Arsenic Load 
(mg/s) 

Piss*" Total 

10.9 

0.84 

2.6 
0.79 

12.3 

1 .26  

3.6 
0.48 

Arsenic Load 
(metric tons/yr) 
DiSiC Total 

0.34 0.39 

0.026 0.040 

0.082 
0.025 

0 . 1 1  

0.015 

i 
k) 

a) These loads were calculated using 1/2 of the non-detect level, 
b) This is the annual rate at the instantaneous load. c) Dissolved arsenic. 
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The quantity of arsenic released to the watershed has been 
estimated several ways. In the RI report for the ViChem plant 
site, the instantaneous arsenic input was estimated based on the 
groundwater flow and groundwater arsenic concentration, and 
based on the flow and arsenic concentration in the Blackwater 
Branch (Ebasco, 1989a). Various studies were performed for 
ViChem, which estimated the arsenic load in the Blackwater 
Branch at station ER-4 (just below the site at Mill Road), and 
at the USGS stream gaging station in Norma (station ER-7). 
Additional information is available to estimate the load from 
the Norma station as well. 

In the RI report for the ViChem plant (Ebasco, 1989a), the 
groundwater flow from beneath the ViChem site was estimated to 
be 492,000 gpd or 0.76 cfs. Using the mean arsenic 
concentration along the groundwater flow vectors, this produced 
an estimated arsenic load in the groundwater flowing off-site of 
between 2 and 11 metric tons per year at the time of sampling, 
summer 1987. Since there was an upward hydraulic gradient 
between the contaminated aquifer and the Blackwater Branch, and 
since no contamination was seen across the Branch from the site, 
it was assumed that all of the contaminated groundwater 
discharged into the Blackwater Branch. 

The flow and arsenic concentrations in the Blackwater Branch 
downstream of the ViChem plant were also determined in the 
summer of 1987 at stations ER-4 and ER-5. Multiplying the flow 
by the concentrations yielded estimates of 4.3 and 8.2 metric 
tons of arsenic passing stations ER-4 and ER-5 per year 
respectively (Ebasco, 1988b). ' 

These independently derived estimates for the summer of 1987 
compared favorably with each other. It was therefore concluded 
.that approximately 6 metric tons of arsenic per year were 
entering the Blackwater Branch from contaminated groundwater 
discharged from beneath the ViChem site. 

In a study prepared for ViChem in 1982, the arsenic load in the 
Blackwater Branch was estimated using the flow and arsenic 
concentration at station ER-4 (Lennon & Johnson, 1982). It were 
estimated that approximately 6.8 metric tons of arsenic per year 
were flowing past station ER-4, which is in agreement with the 
Ebasco 1987 estimates. 

The historical arsenic input to the Maurice River watershed was 
estimated using the arsenic concentrations of the Blackwater 
Branch at Mill Road, Ebasco site ER-4. These data were 
collected by ViChem and were reported in their RCRA permit 
application (Woodward-Clyde, 1985). Figure 5-4 is a plot of the 
arsenic concentration versus time from 1965 to 1984. 
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f?™ 1^1 the total arsenic flux using these data, a water 
NorL N? / A® «.® fr°m the USGS flow Saving station at 

oi /V°-7nc 7 }; Jhe mean daily flow at this location 
as 168 cfs (4.76 m /s) based on 53 years of records. The 

Branch9 is-Yn^i rt°ri t.hls ?oint is H2 sq. mi. The Blackwater 
included in this drainage area. The drainage area of 

the Blackwater Branch at Mill Road was estimated by Lennon and 
Johnson (1982) to be 14 sq mi. Assuming that the flow per uS 
\ 1T!. o basin is relatively constant, the flow in the 

Blackwater Branch was estimated by multiplying the ratio of the 
drainage areas (14/112) by the flow at the gaging station. This 
yielded a mean annual flow at Mill Road of 21 cfs (0.59 m3/s). 

The total mass of arsenic passing station ER-4 was determined by 
integrating the area under the curve in Figure 5-5 and 
multiplying this by the mean annual flow. This yielded a total 
]L8SVPfr̂ nr 5°° metric , ̂  . °f arsenic Passing this point over 

years or, on an annual basis, 28 metric tons/yr (890 mg/s). 

J?rLm9rewS !5eU^.W^hJth^ annual Production of arsenic wastes at 
Woodward-Clyde (1985) described the annual solid waste 

production to be 1,170 tons of waste salts containing l to 2% 
arsenic by weight. This yields 10 to 20 metric tons of arsenic 
per year with an additional unknown and potentially larger 
arsenic flux to the aquifer via the previously untreated process 
water discharge. The short-term variations (less than 1 year) 
hvd^ino- Figur\.5-4 are probably the result of seasonal 

variations in the Maurice River basin and do not 
represent variations in the input at the site. 

thS- aiVSe?iC release given by the ViChem records 
can be checked against the USGS records from Norma, NJ. Table 

?r®s®nts . thf dissolved arsenic concentrations, flows, and 
~!termine(? fc.he USGS gaging station in Norma since 
The arsenic loading data are plotted in Figure 5-5. 

1979 IhT nrhat ^ l0-ad *?as significantly decreased from 1979 to the present, primarily as a result of decreased 
dissolved arsenic concentrations. Recall that a number of 
actions were taken by ViChem since 1979 as a result of 
Administrative Consent Orders issued by NJDEP, includinq 
wITerl"9 %!«**??? P.lles and n0t ^barging untreated process 
a similar nattorn It a.9r.ees "®n wlth the ViChem data, showing similar pattern of minima and maxima, as well as a similar 
oa59tn°/ /rse/ni<; loadings (0 to 2.0 gm/s for the USGS data vs 
0.5 to 2.2 gm/s for the ViChem data). 

In conclusion, the arsenic input to the Maurice River watershed 
about Voo Zl'ri0/!5 by several independent means. A total of 

metric tons has entered the watershed below Mill Road 
on the Blackwater Branch between 1965 and 1984. The history of m 
this release shows significant short-term variations ulss than ' 

O 
O 
to 
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TABLE 5-3 
USGS DISSOLVED ARSENIC CONCENTRATIONS AND LOADINGS 

IN THE MAURICE RIVER AT NORMA, NJ3 

Date FlOW Flow 
Dissolved 
Arsenic 

Dissolved , 
Arsenic Load 

Geometric Mean 
Annual Load (Cfs) (m3/s) (ug/1) (mg/s) (metric ton/yr) (metric ton/yr) 

6/79 390 11.0 180 2000 62 8/79 170 4.8 170 820 26 11/79 240 6.8 240 1600 51 12/79 215 6.1 240 1500 46 44 
1/80 215 6.1 180 1100 35 2/80 165 4.7 160 750 24 3/80 230 6.5 160 1000 33 4/80 180 5.1 300 1500 48 5/80 155 4.4 360 1600 50 8/80 120 3.4 280 950 30 9/80 65 1.8 460 850 27 11/80 101 2.9 220 ,630 20 32 
1/81 61 1.7 8* 14* 0.4* 5/81 104 2.9 320 940 30 7/81 73 2.1 130 270 8.5 11/81 98 2.8 160 440 14 15 
1/82 126 3.6 280 1000 32 5/82 108 3.1 200 610 19 9/82 55 1.6 190 300 9.3 11/82 82 2.3 150 350 11.0 16 

1/83 149 4.2 66 280 8.8 5/83 293 8.3 160 1300 42 9/83 81 2.3 160 370 11.5 11/83 228 6.5 96 620 20 17 
1/84 168 4.8 96 460 14 5/84 248 7.0 1* 7* 0.22* 9/84 125 3.5 37 130 4.1 11/84 121 3.4 61 210 6.6 7.2 
5/85 193 5.5 60 330 10.3 NA 

* 2?esf fata ^estionable since they are so different from the rest of 
the data trend. They are not included in the geometric mean calculation. 
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TABLE 5-3 (Cont'd) 
USGS DISSOLVED ARSENIC CONCENTRATIONS AND LOADINGS 

IN THE MAURICE RIVER AT NDRMA# NJa 

Date 

1/86 
2/86 
8/86 
11/86 

3/87 
5/87 
9/87 

Flow 
(cfs) 
117 
249 
54 
108 

178 
164 
83 

Dissolved Dissolved . 
Flow Arsenic Arsenic Load 
(m3/s) (ug/l) (mg/s) (metric ton/yr) 
3.3 90 300 9.4 7.1 50 350 11 
1.5 93 140 4.5 3.1 41 125 3.9C 

5.0 45 230 7.2C 
4.6 58 270 8.5C 
2.4 31 73 2.3C 

Geometric Meag 
Annual Load 

(metric ton/yr) 

6.5 

5.2 

a) from USGS Water Resources Data-New Jersey Water Years 1979 - 1986; Volume 2. 

b) This is the annual rate at the instaneous load. 

c) U9GS Data For Water Year 1987 - Preliminary Results from 
Fred Schaeffer, USGS-Trenton, personal communication. 

d) This is the mean of dissolved arsenic load by year. 
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year in length) and the overall trend shows a large maximum 
occurring around 1978 of greater than 63 metric tons/yr (2 gm/s). 
Since that time the release from the site has steadily decreased 
and was probably less than 10 metric tons/yr in 1987 (0.3 gm/s). 
5-2-2 Arsenic Transport in the Maurice Rivpr watershed 

In this section, the transport of arsenic in the Maurice River 
basin will be examined based on aqueous arsenic concentrations 
and water flow measurements from Ebasco, the USGS and Lennon and 
Johnson (1982). Both total and dissolved arsenic loadings will 
be calculated. A mass balance for Union Lake will be calculated 
as well. Each section of the river (upper, lower and Union 
Lake) will be examined to see if it acts as a sink or a conduit 
for arsenic entering the Maurice River Basin from the site. 

The fate of arsenic in the surface water further downstream from 
the ViChem plant was estimated using USGS data, and data 
obtained by Ebasco during Phase II. in addition, Lennon and 
Johnson estimated the fate of arsenic in the surface water in a 
1982 study prepared for ViChem. 

In Ebasco's Phase II investigation, the water flow and arsenic 
concentrations at a number of stations in the Maurice River 
drainage basin were determined. 

The Ebasco data for the upper Maurice River basin are plotted in 
Figure 5-3. The sample data at ER-4 and ER-7 are also plotted 
in Figure 5-5 for comparison with the USGS data. These data 
show good general agreement with the USGS data. The high flux 
at Norma (ER-7) is probably the result of a short-term flow 
variation, which raised the instantaneous arsenic flux If the 
flow rate measured at Norma later that month is used, the 
agreement is nearly exact. 

In Figure 5-3, the load calculations based on the limited number 
of measurements for the Upper Maurice River suggest that the 
dissolved load remains relatively constant downstream of the 
site. The dissolved load at ER-10 agrees well with those at 
ER-4&5. The variations seen in the dissolved loading probably 
result from short-term hydrologic flow variations over the 
sampling period (about 1 month). The total arsenic load shows 
significantly greater variation, most likely because of the 
general dependence of the suspended matter load on water flow. 
Both suspended matter and dissolved forms of arsenic are 
important in the arsenic load in the Blackwater Branch and upper 
Maurice River. Table 5-4 lists the total, dissolved and total 
suspended arsenic concentrations from Ebasco and USGS 
measurements. From this table, it is evident that the suspended 

< M 2 
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TABLE 5-4 
TOTAL/ DISSOLVED AND SUSPENDED ARSENIC 

CONCENTRATIONS IN THE CONTAMINATED REGION OF 
THE MAURICE RIVER 

Total 
Date Location Arsenic 

(ug/1) 
U9GS Measurements 

Nov 
Jan 
May 
Jul 
Nov 
Jan 
May 
Sep 

'80 Norma 
'81 Norma 
'81 Norma 
'81 Norma 
'81 Norma 
'82 Norma 
'82 Norma 
'82 Norma 

(ER-7) 
(ER-7) 
(ER-7) 
(ER-7) 
(ER-7) 
(ER-7) 
(ER-7) 
(ER-7) 

240 
11 
320 
170 
180 
290 
200 
220 

Dissolved 
Arsenic 
(ug/1) 

220 
8 

320 
130 
160 
280 
200 
190 

Total Arsenic 
on Suspended 

Matter 
(ug/1) 

20 
3 
0 
40 
(20)b 
(10) 
(0) 
(30) 

% Dissolved 
Arsenic 

92 
73 
100 
76 
89 
97 
100 
86 

Ebasco 1986 

Blackwater Branch 
Jul 9 ER-4 

Upper Maurice River 
Jul 10 ER-7 
Jul 8 ER-10 

Lower Maurice River 
Jun 30 ER-13 
Jun 30 ER-14 

Ebasco 1987 

Blackwater.Branch 

(247)b 

(139) 
(70) 

(64) 
(52) 

Jul .13 ER-4 153 Jun 26 ER-5 570 
Upper Maurice River 
Jul 9 ER-9A 123 Jul 9 ER-9C 150 Jul 10 ER-9E 146 Jul 9 ER-9F 105 Jul 9 ER-10 125 Jul 9 ER-10A 102 

208 

126 
55 

58 
43 

202 
460 

65 
56 
48 
36 
32 
28 

39 

13 
15.4 

5.5 
8.6 

(110) 

(58) 
(94) 
(98) 
(69) 
(93) 
(74) 

84 

91 
79 

91 
83 

81 

53 
37 
33 
34 
26 
27 
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TABLE 5-4 (Cont'd) 
TOTAL, DISSOLVED AND SUSPENDED ARSENIC 

CONCENTRATIONS IN THE CONTAMINATED RECION OF 
THE MAURICE RIVER 

Date Location 

Ebasco 1987 (Cont'd) 

Lower Maurice River 

Total 
Arsenic 
(ug/1) 

Dissolved 
Arsenic 
(ug/1) 

Total Arsenic 
on Suspended 

Matter 
(ug/1) 

% Dissolved 
Arsenic 

Aug 4 ER-20 79.7 39 Aug 4 ER-21 91 37 Aug 4 ER-22 89 32 Aug 4 ER-26 73 27 Aug 4 ER-27 82 26 Aug 4 ER-29 50 17 Aug 4 ER-32 48 16 Aug 4 ER-37 18 7.2J Aug 4 ER-38 12 5.8J Aug 5 ER-39 25 7.1J Aug 5 ER-40 18 10 Aug 5 ER-43 13 10 Aug 5 ER-44 12 54 Aug 6 ER-45 8J 8.4J Aug 5 ER-50 2.8 J 5.3J 

(40) 
(54) 
(57) 
(46) 
(56) 
(33) 
(32) 
(10.8) 
(6.2) 
(17.9) 
(8) 
(3) 

0 
0 

49 
40 
36 
37 
32 
34 
33 
40 
48 
28 
55 
77 
100 
100 

a) This number is reported as total arsenic on the suspended 
matter per liter of sample. 

b) Values in parentheses are calculated from the other measured 
0nS i1!®" 10,31 SbsE*™3®13 = Total As - Dissolved As Total As = Total Suspended As + Dissolved As). 
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?nrt0nr ,?e7niC C ,°n̂ ntr.at}°n can b.e very significant, accounting 
for 0 to 75% of the total arsenic transport per unit volume. 
The variations are most likely due to water flow velocity 
variations, as supported by the July 1986 vs July 1987 dissolved 
anrtSni\Cfi fxactloIls at ER-10. The mean monthly flows were 69.6 
wSrP 70* /nH VS percent dissolved arsenic concentrations XJ 2 6*, respectively. This flow difference is most 
likely the cause of the higher suspended arsenic load for all of 
the July 1987 measurements relative to July 1986. Table 5-2a 
lists the total and dissolved arsenic loads for the Ebasco 
stations downstream of the Blackwater Branch. These loads were 
calculated using Ebasco measurements of arsenic concentration 
and water flow. For the two Ebasco investigations (summer 1986 
and summer 1987), the median fluxes between ER-4 and ER-10 were 
6.3 and 8.4 metric tons/year (200 and 266 mg/s) for dissolved 
snd total arsenic loads, respectively. 

The good agreement between the Ebasco loading measurements down 
the river and between the USGS and ViChem data discussed in the 
previous section strongly suggest that the Blackwater Branch and 
Upper Maurrce River act as a conduit for arsenic transport from 
the ViChem Site to Union Lake. In addition, the parallel 
rnnr^f 4- • ® of the total and dissolved arsenic 
concentrations in Figure 5-3 would also support this since 
these trends are probably due to gradual dilution of the arsenic 

b£. sma11 tributaries. Also, the parallel trends 
suggest that there are no reactions taking place, since 
presumedly a reaction would affect either the dissolved arsenie 
two suspended matter arsenic and change the ratio between the 

and ,J?Jns5>n (1982) also concluded that the river was a 
virh^m C°£hU^ the arsenic' based on data collected by 
<ERIT'indiraVp fh !' 8t MU1 R°ad (ER~4) and at Norma 
ER 7  Fim.rl % c  h  JL1V-er Was a s i m P l e  conduit at least to ER-7. Figure 5-6 shows their data. Based on the ratio of the 
drainage area at Mill Road to that at Norma (14/112), the 
a\rSeM% Cp^ntra^10n at Norma ought to be 14/112 or 12% of that 

Mill Road, given two assumptions: that flow is directly 
proportional to drainage area and that arsenic is conservatively 
transported by the river. Figure 5-6 shows that thil Vs the 
case for the data reported by Lennon and Johnson. 

Ir^ntnalCQSHU-PPOlt ^°r the simple conduit argument comes from the 
Thil will inv®nt.orr between Mill Road and Union Lake. 
This win be discussed m greater detail later in this section 
le s han i 56%Sof fh J Jh? prese^ river sediment inventory is than 1.5% of the total arsenic transported past Mill Road 
approximately 500 metric tons as discussed in Subsection 5!2 1 

estabJashed that the Blackwater Branch and upper Maurice 
River presently act as conduits for the arsenic, the next main 
purpose "oaf thfTn63™' ""i"" Lake' needs to be e™">ined. The 

f  1 , t h e  f o l l o w i n g  d i s c u s s i o n  i s  t o  e s t a b l i s h  w h e t h e r  
Union Lake is a sink or a conduit for the arsenic from the site. 
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Ebasco collected an extensive set of samples for arsenic 
analysis from Union Lake and the lower Maurice River. However 
flow measurements were not made in these areas. PRC Engineers' 
^eJ.e^in??rs redesi9ning the Union Lake Dam spillway, estimat4 
that the flow of water out of the dam is roughly twice the flow 
recorded at the USGS station at Norma (Roth, 1988). Knowing the 
flow at Norma, it's possible to roughly estimate the lake 
outflow and the flow in the lower Maurice River close to the outflow. 

Based on USGS data, the dissolved arsenic load at the Norma 
gaging station in August 1986 was 0.14 g/s. Assuming the flow 
out of the lake was twice that recorded at Norma in August, and 
using the lake's mean dissolved arsenic concentration from Phase 
I (summer 1986), approximately 60 ug/1, the arsenic load out of 
the lake was estimated to be 0.18 g/s, or 5.6 metric tons per 
year. These load estimates compare very well qiven the 
uncertainties in the factors. 

Similarly, in winter 1987, the dissolved arsenic load at Norma 
was 0.3 g/s or 9.5 metric tons per year. In the lake, the mean 
dissolved arsenic concentration was 17.6 ug/1 which, when 
multiplied by an estimated flow twice that at Norma, yielded an 
estimated dissolved arsenic load of 0.23 g/s, or 7.2 metric tons per year. 

Ju.ly 1986' Ebasco collected water samples at both 
I? T J1® location of the Norma gage) and ER-13 at the base of 
the Union Lake Dam. Using the USGS flow at Norma, the 
calculated dissolved arsenic load upstream from the lake was 
,u.2j g/s or 7.2 metric tons per year, while the outflow was 0 20 
g/s or 6.3 metric tons per year. 

Given the uncertainties in the factors in the above estimates, 
it appears that the arsenic load into the lake is very similar 

1°ad,c°n,ing °ut of the lake. However, it is not clear 
whether the lake acts as a simple conduit for the arsenic in the 
water. There is some evidence that there may be significant til v 9' *?etween the lake water and sediments based on 
the Kjj s of the lake sediments. This will be discussed later 
in this chapter. While the arsenic load in and out of the lake 
appears similar in 1986 and 1987, this could not have been the 
case in the past, since the lake sediments are significantly 
lak^eSimSL arsenic- Based on the NJDEP measurements of 
aDoroximat^w c°ncent"tions, the lake sediments contain 
ThS H ° • arsenic transported past Mill Road. 
Tn this sectionrS6niC ̂  these sediments will be discussed later 

The implication of the arsenic fluxes in and out of the lake are 
important. It is not clear that the level of arsenic in the 
ake water will drop if the upstream source is cut off. Arsenic 
lake^JU m • sediments may be significant enough to raise 

t ara®nic concentrations to levels of concern. This 
e particularly important in the summer, when warmer 
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temperatures, increased biological activity and low oxygen 
levels will enhance arsenic release from the sediments. In 
addition, this is also the time of maximum recreational use of 
the lake, potentially exposing a larger number of people. The 
lake sediment fluxes will be further discussed later in this 
section. 

In the Maurice River below Union Lake, it is more difficult to 
determine the fate and transport of arsenic. This section of 
the river is an estuary and is, therefore, tidal and partly 
brackish; so it is impossible to accurately determine the fresh 
water and salt water flow in and out. The total drainage area 
at the mouth of the Maurice River is 384 square miles (near 
ER-45). Using the drainage area ratio arguments previously 
discussed, this would suggest that the total freshwater flow is 
about 3.4 times the flow at Norma. However, the tidal exchange 
at the mouth is not trivial, since saline water is found more 
than 10 miles upstream. Both flows will be important in arsenic 
transport within the lower Maurice River and to the Delaware Bay. 

The fate of arsenic in the estuary is complicated by a number of 
factors. These are largely related to salt intrusion. With the 
salt intrusion comes a range of ions, which can form insoluble 
salts with arsenic, removing it from solution. In addition, 
biological activity is usually very intense in an estuarine 
system and can be expected to remove arsenic from the water 
column. At the same time, biological activity can remobilize 
arsenic bound to sediments and suspended matter. Lastly, 
measurements of concentrations do not extrapolate directly to 
loads since tidal exchange with the Delaware Bay is probably 
much greater than the net freshwater flow at the lower end of 
the estuary. 

Lacking any better alternatives, the following simple estimate 
was made. It should be viewed very cautiously in light of the 
above concerns. 

The dissolved arsenic concentration at station ER-5 on the 
Blackwater Branch was 460 ug/1 in the Phase II investigation. 
At station ER-45 on the lower Maurice River, it was 8 ug/1. The 

b?tween these two is approximately 0.017. The ratio of 
•f /^lrlax9e basin areas between the two is estimated to be 15 
*lL pVer5USJ ?84 •mi <ER-45>' 0.039. The drainage 
5 WaS determined fay using the drainage area of ER-4 

and adding a small amount to account for increased downstream 
distance, while the area of ER-45 was taken as being the total 
area above the mouth of the Maurice River. 

The drainage basin ratio (0.039) is approximately twice the 
dissolved arsenic ratio (0.017). Despite the crudeness of the 
estimates, they suggest that approximately one half of the 
arsenic in the watershed is transported out to the Delaware 
Bay. From the relatively constant loads in the watershed above 
and out of Union Lake, it is possible that one half of the 
arsenic load drops out of the water column in the estuarine 
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P o t i o n  o f  t h e  M a u r i c e  R i v e r ,  a l t h o u g h  i t  i s  m o r e  l i k e l y  t h a t  

haJe bCeen ignorSd10n leSS SinCe dilution and tidal exchange 

T h e  d a t a  c o l l e c t e d  j u s t  a b o v e  a n d  j u s t  b e l o w  t h e  s a l t  f r n . i  

s u p p o r t  t h i s  a s  w e l l .  B o t h  t o t a l  a n d d i s s o l v e d a r  

c o n c e n t r a t i o n s ;  d r o p  b y  m o r e  t h a n  7 0 %  a c r o s s  t h e  s a l t  f r o n t  I r o m  

8 2  t o  1 8  u g / 1  a n d  f r o m  2 6  t o  7 . 2  u a / 1  f o r  T h e  -  5  
d i s s o l v e d  a r s e n i c  c o n c e n t r a t i o n s ,  r e s p e c t i v e l y  A g a i n  t h e  

e f f e c t  o f  d i l u t i o n  h a s  b e e n  i g n o r e d  h e r e  C t l V e i y '  A g a i n '  t h e  

T h e  s e d i m e n t s  t h r o u g h o u t  t h e  l o w e r  M a u r i c e  R i v e r  s h o w  e l e v a t e d  

a r s e n i c  l e v e l s .  T h e  g e o m e t r i c  m e a n  c o n c e n t r a t i o n  i s  3 0  m a / k a  

be ween ERn92e2 an^ER 17° "th m 9 / k 9 '  7* m a X i m u m  V a l u e s  

Phase II investigation. ^ Ie910" th* Salt £ront the 

T h e s e  d a t a  a l l  s u g g e s t  t h a t  t h e  s e d i m e n t s  o f  t h e  l o w e r  M a u r i c e  

R i v e r  a r e  a  s i g n i f i c a n t  s i n k  f o r  a b o u t  5 0 %  o f  t h e  J "  ®  

o v e ^ t h e  h i * ?  U n i ? n  L a k 6 - '  H o w e v e r '  t h e  f l u x  f r o m  U n i o n  L a k e  
over the history of arsenic releases from the ViChem site is not 

. I n / V i e w  t h e  l a r g e  a m o u n t  o f  a r s e n i c  b o u n d  t o  t h e  l a k e  ttxl S  ( a p p r o x i m a t e l y  30% o f  t h a t  r e l e a s e d )  i t  i s  u n l i k e l y  

or i n n  e s t u a r y  s e d i m e n t s  c o n t a i n  m o r e  t h a n  30% o f  t h e  r e l e a s e  
o r  150 m e t r i c  t o n s .  T h i s  p o i n t  w i l l  b e  r e v i e w e d  l a t e r .  r e l e a s e '  

T o  s u m m a r i z e  t h e  p r e c e d i n g  d i s c u s s i o n s ,  t h e  a r s e n i c  t r a n s o o r t  

f o r  t h e  M a u r i c e  R i v e r  b a s i n  i s  f a i r l y  w e l l  known 
s e d i m e n t  i n v e n t o r y  a n d  E b a s c o  r i v e r  w a t e r  m e a s u r e m e n t s  i t  i < ?  

P?L"n?JvthaattthaesBlaCkW,ater BranCh and "PP« Maur'fce R'iver 
presently act as simple, nonreactive conduits transDortinn 
L a k e " 1 0  T h e  a r f s u s p e n d e d  f o r m  f r o m  t h e  s i t e  t o  U n i o n  

d u r i n g  1 ^ 6  a n d " "  1 9 8 7  9 ? h e  U n i ° n  ̂  W ° U l d  S U g g e s t  t h a t  

However the verv i.'mo - ? W3S alSO a simPle conduit, nuwever, tne very large inventory of arsenic in fhp 
sediments indicates that this has not been thl case In the pas? 

F i n a l l y ,  t h e  l o w e r  M a u r i c e  R i v e r  r e c e i v e s  t h e  arsenir finy f m m  
union Lake. The best estimates are that 50 to 70% of h 
arsenic is incorporated in the estuarine sediments rnt 
gJa??U?trive1S esStTIf the° am?™?" of ^senic^Tn^'thesI 

5 - 2 * 3  A r s e n i c  C h e m i s t r y  i n  t h e  M a u r i R i V p r  w  

SfeSi tr̂ ĉê r̂ BasTn̂ n1̂ ; 
downstream from^ ««£ ̂Peciation 

desorption coefficient ^"on oZitTolT^ selim^? 
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organic carbon content will be discussed. Finally, the 
relationship between the lake water arsenic concentration, Kd, 
and the lake sediment arsenic concentration will be explored. 
The two most important factors governing arsenic concentrations 
in the sediments and waters are the redox conditions and the 
desorption coefficient (Kd). These two factors are somewhat 
related, since As+J is more mobile than As+5 and will thus 
have a lower Kd. Thus redox conditions and Kd are linked 
but not by a one-to-one correlation. Another very important 
factor influencing Kd is the percent of organic matter in the 
solid phase. 

The oxidation-reduction stability diagram for arsenic compounds 
in the presence of sulfur is shown in Figure 5-7. Superimposed 
on the theoretical plot are the conditions for the upper Maurice 
River, including the Blackwater Branch and for the lower Maurice 
River. The pe values within the box in Figure 5-7 represent 
oxidizing conditions that were determined by an analysis of the 
Eh of water samples. The pe is related to Eh as follows: 

pe = E Eh 
2.303 RT 

where: F = Faraday's constant (23.06 kcal/v-gm equivalent) 
R = the gas constant (1.987 x 10~3 kcal/mole°K) 
T = the absolute temperature (°K) 

The measurement of Eh is difficult in most natural waters where 
a range of redox pairs may exist. In addition, there is also 
the possibility of matrix effects on the probe, preventing an 
accurate reading. The Eh measurements made in Phase I of this 
investigation were considered suspect and were not used. The 
Phase II measurements ranged from approximately 60 to 240 mv 
more typical of a surface water system. 

Figure 5-7 shows the mean Eh-pH conditions for the upper and 
lower Maurice River. The most likely Eh-pH range for the system 
is shown by the larger box in Figure 5-7. This box is based on 
the lake conditions measured by Ebasco and by Winka (1985). The 
indication from this diagram is that As+s is* the 
thermodynamically stable form of arsenic for most of the 
conditions found. 

Winka (1985) examined the desorption coefficients (K,*) for 
arsenic in the sediments of Union Lake under a variety of 
conditions (see Table 5-5). The measurements show the 
importance of the presence of organic matter in the sediments in 
determining Kd. Winka incubated two samples of lake 
sediments, one sandy (2% organics), one organic rich (25% 
organic) and obtained a very significant difference in K* 
under aerobic conditions (84 vs. 7690, respectively). He also 
obtained a large difference for anaerobic conditions (128 vs. 
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TABLE 5-5 
Kd OF LAKE SEDIMENTS UNDER 

AEROBIC LABORATORY CONDITIONS3 

Reservoir Avg. Arsenic 
Cone, in Water 

(ug/1) 
Organic - Rich Sediments 

at 20°C. 2 1 9  

at 30°C. 1 1 2  

Average 166 

Sandy Sediments 

at 2 0°C.  3 3 0  

at 30°C 224 

Average 227 

Avg. Arsenic 
Cone, in 
(ug/g-dry) 

1090 

1161 

1126 

22.1 

22.4 

22.3 

Desorption 
Coef f icif»r)f 

Kd 

4980 

10400 

7690 

67.0 

101 

84.0 
Kd OF LAKE SEDIMENTS UNDER 

ANAEROBIC LABORATORY conditionsa 

Reservoir 
Avg. Arsenic 

Cone, in Water 
(ug/1) 

Organic - Rich Sediments 
at 20°C. 861 

at 30°C. 1082 

Average 9 7 2  

Sandy Sediments 
at 20°C. 146 

at 30°C 234 

Average 190 

a. Winka, 1985 

Avg. Arsenic 
Cone, in Sgfl, 
(ug/g-dry) 

815 
998 
907 

19.6 

28.2 

23.9 

Desorption 
Coefficienf 

K d 5  

947 
922 
935 

134 

121 

128 

b. K. = Arsenic in sedimpnt (na/kr^ 
a Arsenic in Water (ug/1) 
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the' frSi76!,?' J1" apparent' t h a t  in the lake at least, the fraction of organic matter is the maior factor iA 
ar^?cnin9 M^he t0l arSSniC and also the concentration of 
S L.Vre^aiM"1'. In £act Winka <1985> "JDEP (1982) 

J arsenic concentration in the sediments to 
correlate very strongly with organic matter. Winka obtained a 
Spearman rho correlation coefficient of 0.87 (on a scale of -1 
to +i) The Kd for arsenic in sandy soils does not appear to 

a strong function of redox conditions. Both anaerobic and 
aerobic tests on sandy sediments produced similar Kd*s of 126 
H A -81 4.respectlvely- Conversely, the Kd for organic rich 
sediments decreased by almost an order of magnitude between 
aerobic and anaerobic conditions (7690 to 935, respectively) 
S1;. We" ,Wi,th the Chan9e in êciatio„Pfr0m is's 
to As+J to be discussed later in this section. 

n^h fh i feC^XZe Kd , fnn  the upper Maurice River and Union Lake is 
probably between 100 and 1,000, depending upon the distribution 
of organic material in the sediment. The higher KH ' s 
correlate to higher organic content in the sediments. This 

ationbetween Kd and organics in soil compares well with 
J"?? tl.°"s ln. tJie1 a^ifer at the Vichem site. The saturated 
content. W Kd'S <6'6 t0 10) and very low organic 

As a part of this Rl, Ebasco collected sediment samples for 
arsenic along with three sediment parameters; total iron, total 
organic carbon (TOC) and particle size distribution. Appindix j 
contains the statistical analysis of the Ebasco data. 

In the Blackwater Branch, arsenic is well correlated with TOC 
?vmEiaaLot0fohfeallake sedlm?"ts- Additional parameters meas™ei 

iron, < clay and % silt, also showed a positive 
correlation with arsenic. This correlation was expected in view 

i i \rs?{>lc . chemistry (see Subsection 5.1). Arsenic 
particularly As , is readily incorporated in ferric hydroxide 
matnces coating the sediment particles. The association of 
arsenic with the clay and silt fraction is probably due to the 
TOC and'fr-Ce "SS °f theSe fracti™S' whichVovides sites for 
IhLoH These in turn absorb arsenic. The sand fraction 
showed a negative correlation with arsenic TOC and iron 
probably resulting from the low surface area of this fraction' 

°UidKb? pointed out that in Union Lake, no correlation wa^ 
observed between arsenic and the percent sand grain size data 
collected by the NJDEP, however the accuracy of the sizing data was suspect according to the NJDEP. sizing data 

In the contaminated section of the upper Maurice River (between 
a L eihTbfte.TVL thS Black»a£« Branch and Union LIK" arsenic exhibited the same general correlations as described 
above However, the correlation with TOC deteriorated 
somewhat. This difference between the two river sections is 
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probably related to the different conditions that existed in 
each one. A beaver dam on the Blackwater Branch created a swamp 
in this area. This dam was removed during the RI. The swamp 
provided an area of increased biological activity and water 
residence time relative to conditions downstream in the upper 

RlTer- These two factors probably combined to provide 
J a°rgafnic carbon, a biological absorpton pathway and a long 
contact time, enhancing arsenic absorption by TOC. Below the 
dam, these factors are less important and the correlation with 
TOC weakens somewhat. The dilution of sediment TOC from the 
Blackwater Branch with uncontaminated TOC from the upper Maurice 
River via sediment transport will also weaken this relationship. 

Rrfnoi0 strongly correlated with iron in both the Blackwater 
Branch and the upper Maurice River. This is probably a result 
of iron availability and oxidizing Eh conditions. 

The sediment data for the lower Maurice River lack the 
correlations typical of arsenic in natural systems. Arsenic is 
uncorrected with TOC and iron, and is positively correlated 
with the sediment fraction greater than sand. In the saline 
water sediment arsenic is negatively correlated with the clav 
fraction. These patterns are probably the result of a number of 
factors, including the heterogeneity of the sediments TnthiS 
river section, the effect of ionic strength and available 
cations from the saline water, and alteration of the arsenic 
discussed11 ?n matrix; A"enic speciation will be discussed in the next several paragraphs. The complete 
<^H?m1P^10n °f i-the .corr.elati.ons between arsenic and the other sediment parameters is given in Appendix J. 

The speciation of arsenic in the sediments and in the water 
column was studied by Winka (1985). Winka found that the 
speciation was related to the sediment types, again as defined 
by organic matter content (see Table 5-6a). His work also 
showed that the speciation found in both sediment types lies 
between the speciations seen under incubated aerobic and anaerobic conditions (see Table 5-6 b and c). aer°Dic and 

Winka (1985) also determined the speciation in the water of the 
(See T3ble 5'7>- The doming species found was As + 5. This is consistent with the redox 

conditions expected in a flowing stream (i.e., high Eh). Based 
on this speciation, the most probable paths of arsenic transfer 
to the sediments of the lake are either by absorption of As" 
?ixat"onSUrfaCe °f SUSRended »tt.r particfes or by biological 

Although the cause is not clear, the difference in speciation 
particular water column and the sediment is significant. in particular, it is not possible to determine whether th^ 
conversion of As*5 in the water t0 fts+3 «« 

es place as part of the adsorption process or whether the ion 
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TABLE 5-6 
ARSENIC SPECIATTON IN UNTON LAKE SBnTMBftiTjgC 

A. Speciation in the acid extractable fraction of Union Lake sediments 

Species 

Organic 
Rich 

Sediment 
Sandy 

Sediment 

.s-a. 

As (III) 
MMAA 
As (V) 
DMAA 

73.4 
1.5 
25.1 
0.0 

31.5 
4.3 
64 .2 
0.0 

B. Speciation in the incubated sediments under aerobic conditions. 

Species 

As(III) 
MMAA 
As (V) 
DMAA 

Organic-Rich Sandy 
Sediments Sediments 
at 20°C at 30°C 
w<?eK 10 Week 5 

%.b 

5.6 
0.0 

94.4 
0 . 0 

4.2 
0.0 

95.8 
0.0 
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TABLE 5-6 (Cont'd) 
ARSENIC SPECIATION IN UNION LAKE SEDIMENTS 

Speciation in the incubated sediments under anaerobic 
conditions. 

Species 
at 20° C 
Week 4 

Organic-Rich Sandy 
Sediments Sediments 

at 30° C at 30° C at 30° C 
Week 5 Week 10 Week 6 

%b 

As (III) 72.8 67.8 97.9 21.0 
MMAA 1.5 1.6 0.0 5.7 
As (V) 25.7 30.6 2.1 73 .3 
DMAA 0.0 0.0 0.0 0.0 

a. Calculated as % of total arsenic extracted by IN HC1 
solution. 

b. Calculated as % of total arsenic in each sample. 
c. From Winka (1985). 

< H Z 
o o to 
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TABLE 5-7 
SPECIATION OF WATER SAMPT.FS FRCHq 

THE PDACKWATER BRANCH AT MTT.T. pn^pa 

Date 
Species Sept 82 Mar 83 Sept 83 

% of Total Arsenic 
As(III) 23.5 12.0 3.5 
MMAA 4.9 3.2 3.9 
As(V) 69.8 84.8 92.6 
DMAA 1.8 0.0 0.0 

a. From Winka (1985). 

< H a; 
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TABLE 5-8 
TOTAL NONEXTRACTABI F ARSENIC IN THE MAURICF RTVER HATFBSHFnb 

River Mile 
Downstream 

Of Site (ER-3A1 
Non-Extractable Arsenir3 Total3 

Nonextractable 
Arsenic X 

Water Bodv Location 
River Mile 
Downstream 

Of Site (ER-3A1 9/16/82 12/2/82 (ug/g-dry) 3/4/83 6/16/83 9/9/83 Averaae 
Total3 

Nonextractable 
Arsenic X B1ackwater 

Branch Garden Rd. control 14.9 11.9 3.74 19.8 48.2 19.7 77.9 
Weymouth Rd. control 1.43 — — 0.775 0.849 1.02 46.4 
Mi 11 Rd. 0.4 28.5 551 — 479 168 307 59.6 

Maurice River Almond Rd. (beach) 2.6 8.60 — 14.7 17.6 6.72 11.9 48.1 
Union Lake North Side of 

Submerged Dam 8.6 73.1 77.9 1170 3450 8205 2385 66.2 
South Side of 
Submerged Dam 8.7 21.5 457 234 576 2070 4398 86.6 
Western Side of 
Lake Where Mill 
Creek Enters 

10.0 211 51.3 125 22.2 59.5 93.8 43.0 

en I CO 

Deepest Portion 
of Lake Behind 
Dam Spillway 

10.8 157 357 860 1215 8740 2270 81.3 

CTI 

a. % of Total Arsenic - dry weight basis. 
b. From Winka (1985). 

7.2 
0.8 

12 

0.2  

29 

27 

9.7 

27 
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is converted wxthm the sediments. Winka (1985) found evidence 
to suggest strongly that the arsenic adsorption onto sediment is 
not completely reversible. m Table 5-8 and Figure 5-8 his 

? nonextractable arsenic in a number of lake and 
river sediment samples are presented. The extraction consisted 
of a distilled water wash and a 1 N HC1 wash. In general, the 
higher the arsenic concentration in the sample, the less was 
extractable. In addition, there was a distinct positive 
correlation between mean percent nonextractable arsenic and 

.or9aJJlc matter in the contaminated sediments. The 
uncont animated sediments should not be considered here, since 

nature 0f the arsenic compounds at the background levels is 
probably very different from that of the contaminated sediments. 
Ultimately, one would like to be able to predict a leach rate 
from the sediments to the Maurice River watershed. This is 
needed to determine their impact on the water column inventory, 
once the arsenic releases from the ViChem site are stopped. 
However this flux rate is dependent on the resuspension of 
sediments and on the pore water exchange rate. The pore water 
exchange rate is dependent upon pore water diffusivity 
biological activities and groundwater seepage. Given these 
unknown factors, it is impossible to predict quantitatively the 
arsenic flux rate from the sediments. 

^LSPlte^°f thiS' U should be noted that the mean sediment 
1000ev^^rt1Oan rr 7t'2*U9/? and an or9anic rich sediment Kd of 000 yield a dissolved water column concentration of 74.2 uq/1 

compares well with the water column concentration range of 
50 to 75 ug/1 for June and July 1986 in Union Lake. During this 

°f. the Y*lr. the sediment would probably be under fairly 
anaerobic conditions, producing a lower Kd. During the more 
fh^°KHC fC° Kn-S °f winter' a higher Kd would be expected, if the Kd for aerobic organic sediments is used (7,700) along with 
the mean sediment concentration (74.2 ug/g) a water 
concentration of 9.6 ug/1 is predicted. This ag?e4s well with 
the range of dissolved arsenic in measured lake water for 
January 1987 of 10 to 24 ug/1. 0 

^•W°U^d appea!; from the above discussion that the lake 
sediments control the lake arsenic concentrations. However it 
must be recalled that the arsenic loading entering, within ' and 
coming out of Union Lake have been approximately the same for 
periods where data are available. This suggests that the lake 
is presently a conduit, transferring arsenil through it ThiS 

ls controlled by the upstream arsenic flux. The fact 
that the mean sediment arsenic concentration and Kd produce the 
same estimated arsenic concentration in the lake water as the 
ih?chinf I outgoing waters makes it, impossible to determine 
which factor controls the lake's arsenic concentration the 
incoming water or desorption off the sediments. 
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It is not known whether the sediment flux required to maintain 
the lake arsenic levels is reasonable, since nothing is known 
about sediment-water exchange. If the Kd typical of sandy 
soils (100 1/kg) is used then the laked water is out of 
equilibrium. The level of arsenic in the water would be 
approximately 740 ppb based on the sediment concentration. This 
would also imply a much greater potential for arsenic release, 
so that a major arsenic flux from the sediments cannot be ruled 
out in either case. This is in direct conflict with the 
calculations of the previous section, which suggest that the 
lake water column inventory is controlled by an inflow/outflow 
balance. It is not possible to discern the controlling 
mechanism with the present data base. It is highly possible 
that both processes may be important. 

To summarize, arsenic chemistry is strongly affected by redox 
conditions and the availability of TOC and iron. Arsenic 
sbr°I}9ly correlates with TOC and iron in the sediments in much 
°f.vthe..MauriCe River pasin. In general, arsenic is associated 
with the smaller size fractions of the sediments. The 
speciation of arsenic changes significantly from the water of 
the Blackwater Branch to the Union Lake sediments. Indications 
are that as a part of the arsenic transport and deposition in 
this system, a significant portion of the arsenic is permanently 
bound to the sediments. Related to this process is the organic 
carbon content of the sediment such that higher organic carbon 
content means more nonextractable arsenic. Also related to the 
above, the desorption coefficient, Kd, is inversely related to 
the organic carbon content. The changes and variations in 
speciation, organic carbon content, Kd and nonextractable 
arsenic fraction are most likely interrelated, based on 
literature, laboratory and in situ studies. Finally the flux of 
arsenic from the sediments of Union Lake cannot be determined 
with the present data base. However, the arsenic in the lake 
water and m the lake sediments appears to be in equilibrium if 
the Kd values for organic rich sediments are used in the 
calculation. Unfortunately, from a predictive standpoint, the 
estimated water equilibrium concentration is close to the 
arsenic concentration in the incoming and outgoing surface 
water. Therefore the driving mechanism for the lake's water 
arsenic concentration cannot be definitively determined. 
5,2-4 Arsenic Inventory in the Maurice River Watershed Sediments 

In this section, an inventory of arsenic in the upper Maurice 
^!,Ver*- an^ "nion wil1 be calculated. These numbers are 
important in determining the fate of approximately 500 metric 
:on^ "seme estimated to have been transported past Mill 
Road (ER-4). This information is also needed to discuss areas <S 
of arson^o fo" nthe futur?' ,since these sediments may be sources 3 of arsenic to human populations. 

o o to 
o 
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There are three main areas to consider in examining the sediment-
bound arsenic inventories in the Maurice River watershed: 

1. The Blackwater Branch and upper Maurice River 
2. Union Lake 
3. The lower Maurice River 

It is possible to make semiquantitative estimates for the 
arsenic inventory in the first two regions, since these areas 
have been extensively sampled and cross sectioned. The lower 
Maurice River has not undergone as extensive a study and will 
not yield a quantitative estimate. 

The sediments of the upper Maurice River were extensively 
sampled by Ebasco during June through August 1987. This 
sampling included cross sections and sediment cores to three 
feet in depth. These data were used to estimate the volume of 

tammated sediment in the upper Maurice River watershed for 
t rl 6 F o • 

The volume of sediment between stations ER-3A and ER-10A with 
concentrations of arsenic greater than 20 mg/kg is 89,000 yd3 
?Lp H fh j?f thiS t0ta1, 67'000 m3 is between Union 
Lake and the confluence of the Blackwater Branch and the upper 

Ver'^-A c°nservative estimate of the mass of arsenic 
within this sediment was calculated as follows: the arithmetic 
mean sediment concentration for each cross section was 
^ then a median for all the cross section means was 

obtained and applied to the appropriate river section. For the 
Blackwater Branch, the median of ER-4 and ER-5 was used to 

c arae"lc inventory for the sediments between them 
and FR "i ni F°l  th® Upper Maurice River between ER-5 
and ER 10A, the median of all cross sections between these two 
(5 600 ka)™an!!e+n& Calculate. the sediment arsenic inventory (Obuu kg). The total arsenic inventory between ER-4 and ER10A 
is. approximately 6,300 kg. The section between ER-3A and ER-4 
nh!L- inventoried. A range of total sediment arsenic 
thP mpdian°F ]S S®?tlon is 560 t0 4,700 kg, depending whether the median for locations ER-3, -3A and -4 or just -3A and -4 is 

r.esPectlvely- Thi? section of the Blackwater Branch was 
rannn^h H separately, since it is upstream from Mill Road and cannot be directly compared with the flux past that point. 
The mean arsenic concentration of the contaminated sediments in 
Fiacre r?Sq^ SeC^h°n .increas?s downstream from ER-5 to ER-10 (see 
of9o a T explained by the mean percentage of organic matter in these sediments (see Figure 5-10). As iust 
discussed in Subsection 5.2.3, arsenic is also "roil ly 
thlre. • "l- 'f0" ln t!lls river section. This suggests that < arsenic in these sediments is largely associated with the M 
organic matter or ferric hydroxide coatings on the seaimen? 3 

O 
o 
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particles, which is similar to the results found by winka 
(1985). However, the downstream increase may also be a function 
of the history of arsenic release. The large input of arsenic 
m the 1970s may have contaminated sediments in the Blackwater 
Branch to a much higher level than presently measured. These 
sediments may have been transported downstream and redeposited 
over cleaner sediments, yielding the pattern seen in Figure 
5-9. This would suggest that the eventual sink for these 
sediments is downstream from the upper Maurice River, probably 
Union Lake. The resuspension of these sediments with storms and 
floods will maintain an arsenic flux to the lake even after the 
arsenic release from the ViChem plant site is stopped. It is 
not possible to predict this flux but, given the small size of 
the arsenic inventory in this river section, it will probably be 
much smaller than the present load. 

The sediments of Union Lake were extensively studied by three 
investigators, Ebasco, NJDEP and Winka (1985). NJDEP conducted 
the most extensive sediment surveys during August 1986, 
examining the arsenic concentrations in the sediments under 10 
feet of water or less. In general the contamination was 
confined to the top one foot of sediment, although 
concentrations above background were found at depths greater 
than one foot. The mean concentrations for the cores is given 
in Table 5-9. A windsorized mean of 74.2 ug/g for the Union 
Lake sediments below less than 10 feet of water was calculated 
as part of the RI for Union Lake, using cored and dredged 
samples (Ebasco, 1989e). This result agrees well with the data 
in Table 5-9 since the dredged samples combine surface and 
deeper sediments. Using the mean arsenic concentration and 
assuming a depth of one foot for the contaminated sediments at a 
porosity of 46% (based on NJDEP measurements), it is possible to 
calculate the arsenic inventory for all lake sediments less than 
10 feet below the water surface. This represents an area of 2.0 
km . The density of the solid sediments is assumed to be 2.65 
gm/cc which, at a porosity of 46%, gives an overall density of 
1.786 gm/cc. The inventory of arsenic is then 81,250 kg or 80 
metric tons. The fraction of organic matter in the sediments 
has been ignored in this calculation since it is not well 
known. If it is significant, the sediment density and the 
estimated arsenic inventory will both be lower. 

The sediment area deeper than 10 feet below the lake surface 
represents an additional 1.5 km2. This area was not well 
characterized by any of the programs (see Table 5-10). Assuming 
that the conditions in this portion of the lake are approxi
mately the same as in the shallower portion (mean arsenic 

?v,= 7tu2 mg/kg;. dePth of contamination approximately 
one foot), then the arsenic inventory in this portion of the 
lake is approximately 60 metric tons. Combined with the 80 
metric tons estimated in the shallow areas, this gives a total 
Lake1110 inventory of 140 metric tons for the sediments of Union 
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TABLE 5-9 
MEAN ARSENTC CONCENTRATIONS 

IN THE SEDIMENT CORES FROM UNION LAKE9 

Depth Arsenic 
Concentration 

(ug/g) 
No. of 
Samples 

Surface 

7 to 12 inches 
13 to 24 inches 

158 
39 
4 . 6 

21 

17 
13 

afrom NJDEP, 1987 

< H 2 
o o to 
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TABLE 5-10 
AS CONCENTRATIONS IN LAKE SEDTMFNTS 

GREATER THAN 10 FEET BELOW THE SURFACE OF 
UNION LAKE 

Investigator 

Winka (1985) 

Collection 
Date 

1982 
1983 

NJDEP (1982) 1979 

As 
Concentration 

(ug/g) 
1215 
540 
1440 
1660 
9080 
478 

Median 
(ug/g) 

Median of Winka & NJDEP 1215 

Ebasco 1987 68 
75 
38 
14 

Median of Ebasco only 53 

< M 3 
o 
o ho 
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The total inventory of arsenic from Mill Road to the Union iakP 
dam is estimated at 150 metric tons (see Table 5-11) This i <= 
approximately 30% of the estimated 500 metric tons released frim 
the site past Mill Road through time. This con?^diSts som^f 
secticnf^since^/f °arsenic°1nf low^nd^utf low8{f rom1 theC llL ̂ d 

r-urs. Theidothbeer .sbS 
sr; -o° - "r K-SSL & cne laxe ( /0-8) . Whether the arsenic enters the lato .jC(,,Ka 
whethe^th^^Teni'c tben .!jesorbs back into the water column, or 
the lake with nilv » !*,' COlUmn siraply Paasaa through 
sediments, S'StiU PerCentape a^°^bing onto the 

yba,adsorption of arsenic on the lake sediments appears to he a 
transfer f adso.rPtlon by resuspended lake sediments and direct 
transfer from the water column to the lake sediments ?ho 
suspended matter load for the lake is on the order of ? nnn f 
4,000 tons/yr based on the sedfment Lading ft Norma 
sedimentation ^ate Vt" 0 03* to^O 0°/ c^' b°"°m 

density of 1.78 gm/cc. Thus in 20 'years this 'represents"?Tt^ 
1.2 cm of fresh sediments. It would appear then thai-' i-h 
resuir^^more^Jr th*S 1d6Pth in th® lake sediments is the 
fnart 15 • Simple deposition of the annual sediment 

S'enS1°n °f sediments/ biological stirring and direct 
adsorption via pore water exchange must also be involved This 
has important implications for future arsenic levels since f 
contaminated sediments in Union Lake will not be' buried for 
quite some time in the future (hundreds of years) the 
resuspension of sediments will probably continue to SUPDIV 
inDut^nf sediments to the.lower Maurice River even after the input of arsenic from upstream sources is eliminated in 
tn hh°n'i ^hese Processes will also release extractable arsenic 
release r^ dim™It01?™' a81"," the p"««— to' ar en c release are difficult to estimate and sediment burial is sn 
arsenic1 flux IS"!6,1' a° esbimate tbe raba or duration of 
Maurice kVvdr .'fSf t̂ p̂ enTdlta'̂ eth6 ̂  °r t0 the l0-

Tush°-

above fhe ̂  ST.[T'l than^hosTlo ̂  
.g/kg. compfrfd .22 2 

lil. ̂f 2 eltrte1 °eMxlstf Ufro1CethReiVseurfÎ  
contaminate^6 sediment rT tMs^aref ® H ̂  ̂ dePth °£ 

=as-. EH™ 
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TABLE 5-11 
ARSENIC INVENTOR TFS TW'THR 

MAURICE RTVFR WATEPSHfn 

Blackwater Branch 

Between Station ER-3 and Mill 
Road (ER-4) 

Between Mill Rd. (ER-4) and the 
Maurice River (ER-5) 

Upper Maurice Rivpr 

Between Blackwater Branch (ER-5) 
and Union Lake (ER-10A) 

Union Lakp 

Sediments shallower than 10 ft. 
Sediments deeper than 10 ft. 

911 5^iment downstream nf Mill Rnari 
(ER-4) 

C a l c u l a t e d  arsenic f l u x  a t  Mill Rnar l  

Arsenic 
(metric tons) 

0.56 to 4.7a 
0.69 

6.3 

80 
(980)b 

150 

500 

a) Not included in total 

b) High value is not included in total. This value was calcu
lated using the median of Winka (1985) and NJDEP (1979) data 

< H 2 
o o to 
o -o U) Ul 
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S*9?uficant ?lux t0 the lower river, it is likely that 15 to 30% 
sedime tsS6niC transP°r^e<d Past Mill Road may be buried in these 

his estimate is based on the conditions discussed in Subsection 
b.2.2. This would make this region the second most important 
sink for arsenic. The exact fraction stored in these sediments 
depends upon a large number of factors, all of which are poorly 

.As1dlscus.s®d in Subsection 5.2.2, these factors 
include biological activity, salt precipitation, sediment 
resuspension and tidal exchange, among others. 

To summarize, the sediment inventories fairly decisively show 
the upper Maurice River and the Blackwater Branch below 

Mill Road are presently behaving as conduits for arsenic 
transferring arsenic released off 'the site into Union Lake! 
Union Lake s sediments contain an estimated 30% of the arsenic 
released off the site through time. The remaining arsenic 
released from the site may transfer through the lower Maurice 
River into the Delaware Bay, or may be bound to the lower 
Maurice River sediments. A crude estimate is that approximately 
one half of the approximately 350 metric tons of arsenic that 
have passed through the lake (approximately 175 metric tons) is 
bound to the lower Maurice River sediments. 

It is not clear what controls the water column arsenic 
concentration m Union Lake. Adsorption of arsenic onto the 
sediments had to have occurred in the past to account for the 
large arsenic inventory. However, an estimated 70% of the 
arsenic that has been released from the site is no longer 
present above the Union Lake dam. This suggests that the lake 
passes the majority of the arsenic that comes into it back out 
s?mniprfI fc.hl.s 1S a function of adsorption/desorption or simple flow-through is not clear. 

S^W se(dime.ntation rate calculated for the lake indicates 
that the contaminated sediments will not be buried in the near 
future. Elevated arsenic concentrations seen at depth in the 
sediment cores must be the result of transport processes within 
the sediment _or sediment resuspension. The lack of significant 
sediment burial may present a long-term problem if surface 
sediment arsenic concentrations are determined to be a problem by a risk assessment. pruoiem 

Finally, it must be recalled that the fate and transport 
1S based on a very crude data set. Detailed long-

term data on lake inflow and outflow can be obtained in the 
P lloverr°out OFT gaging station at Norma and from the dam 
detail thp innn f Union Lake, respectively. Knowing with some 
an* long-term arsenic concentration and flow coming in . 
desoSn of the lake will aid greatly in determining the m desorption of arsenic from the lake sediments. z 

o 
o to 
o 
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5.2.5 Future Arsenic Transport 

In this section, the implications of the previous sections will 
be discussed in terms of future arsenic levels in the Maurice 
River basin. The main points from each of the previous four 
subsections will be summarized and their importance for future 
arsenic release discussed. An assessment of whether the Federal 
drinking water MCL can be achieved will be made for each river 
section. Finally, additional data needs for the basin will be discussed. 

The main conclusions from the previous discussions are as follows: 

1* Arsenic Input to the Basin - An estimated 500 metric tons of 
arsenic were transported past Mill Road into the Blackwater 
Branch and upper Maurice River. Instantaneous flux measurements 
agree with the historic trend at Mill Road and indicate that the 
flux from the site was 4 to 8 metric tons/yr in 1987. These 
fluxes were confirmed by cross checking Ebasco, USGS and ViChem data. 

2* Arsenic—Transport in the Basin - Both dissolved and 
suspended matter arsenic are important forms for transport in 
the Maurice River Basin. Based on mass balance arguments, the 
Blackwater Branch and upper Maurice River are simple conduits 
for arsenic transport from Mill Road to Union Lake. No apparent 
chemical change occurs during this transport, since the ratio of 
dissolved to total arsenic in the river water remains fairly 
constant. In addition, the relationship between arsenic and the 
sediment parameters (iron and TOC) remained constant throughout 
this region, also suggesting that no important chemical changes 
occur in the upper Maurice River and Blackwater Branch. Union 
Lake appeared to be acting as a simple conduit based on arsenic 
mass balance calculations. The lower Maurice River appears to 
be a sink for 50 to 70% of the arsenic transported from the 
lake, based on mass balance and water column inventory arguments. 
2* Arsenic—Chemistry—rn the—Basm - Redox conditions, organic 
carbon content, total iron content, sediment particle size 
distribution and Kd are important factors governing arsenic 
concentration and speciation. Union Lake Kd's for arsenic vary 
from about 100 1/kg for sandy sediments under any redox 
conditions to 1,000 to 7,700 1/kg for organic rich lake 
sediments under anaerobic and aerobic conditions, respectively 
The arsenic concentrations of lake sediments and lake water 
appear to be in equilibrium during July 1986 and January 1987 if 
the organic-rich sediment Kd's are used. If the sandy sediment 
^ ari_e used' the lake water is out of equilibrium with the 

sediment and the potential for arsenic release is much greater 
Either set of conditions suggests that the lake sediments may 
release significant amounts of arsenic. The absorption of 
arsenic by the lake sediments is not completely reversible* 
approximately 50% or more of the arsenic in the sediments is not 
extractable by simple chemical means. 
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4- Arsenic inventory in the Basin Sediment's - union Lake 
sediments contain approximately 140 metric tons of arsenic. The 
sediments of the upper Maurice River and Blackwater Branch 
contain about 6 metric tons of arsenic. Based on these data and 
the water mass balance calculation, these sediments probably 
contain the smallest arsenic inventory. The sediments of the 
lower Maurice River cannot be inventoried at the present time, 
but probably represent an arsenic inventory between the other 
two areas. Any arsenic not removed to the sediments of the 
lower Maurice River is transported to Delaware Bay, generally at 
low concentrations. Sedimentation rates for Union Lake are 
estimated to be too slow to effectively bury the contaminated 
sediments. Thus the contaminated lake sediments may represent a 
significant arsenic source for many more years. 

It is important to examine future levels of arsenic in the 
waters of the basin in view of these conclusions. The following 
discussion is based on the assumption that all future releases 
from the ViChem site are stopped. Under these conditions, the 
arsenic levels in the upper Maurice River and Blackwater Branch 
can be expected to drop fairly rapidly. Since the inventory of 
arsenic in the sediments from the region is low it should not 
take long (i.e. more than several years) for the leachable 
arsenic to be removed. Thus this section of the river should be 
able to attain arsenic levels less than the federal MCL of 50 
ug/1. This is especially true in view of the fact that the 
total arsenic levels are only two to three times the MCL in the 
upper Maurice River throughout most of the year, according to 
USGS and Ebasco data for 1987. it should be noted that 
occasional resuspension of contaminated sediments would probably 
serve to raise the water concentration above the MCL durinq resuspension events. 

Below Union Lake the total arsenic levels were twice the MCL or 
less, and the median value was well below the MCL in 1987. If 
the flux from the site is cut off, the arsenic levels for the 
entire estuary would most likely drop below the MCL. 

The future arsenic levels in Union Lake are much more difficult 
to predict. The conclusions from each of the three sources of 
information for the lake, the arsenic mass balance, the for 
the lake sediments, and the inventory of arsenic in the lake 
sediment, appear to partially or completely contradict each 
other. However, there is little question that the lake has been 
the major sink of arsenic in the past. 

Considering the above, there are too many uncertainties to make 
any semiquantitative prediction of future lake water arsenic 
levels meaningful. Given the errors in the inflow/outflow 
calculations, it is likely that the inflow/outflow balance 
maintains at least half of the present lake inventory. By 
removing the flux from upriver, it is likely that the lake 
th^MPT177 Tv!1- dr°P by half or more' Putting water levels below 
the MCL. This argument has a sufficient number of assumptions 
to make it a very weak statement, at best. 
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The following discussion may be useful to understanding the 
arsenic cycle in the lake. Presumably, most of the arsenic in 
the lake sediments was transported and absorbed during the 1970s 
and early 1980s when the flux of the site was the highest (see 

j , bus *-he arsenic bound to the sediments was 
adsorbed when lake water arsenic concentrations were much higher than they were in 1986 and 1987. 

In all likelihood the arsenic adsorbed was in the +5 state At 
the present time (1986, 1987) the arsenic concentration in the 
lake water may be significantly lower than several years ago. 
inus, were the adsorption process completely reversible, it 
would be expected that all of the arsenic adsorbed could then be 
leached by the cleaner lake water, limited only by the 
sediment-water exchange rate. This rate is enhanced by the 
effect of storms, biological stirring, human activity and wind 
on the broad shallow reach of the lake to the extent that all of 
these processes would help to resuspend sediments and improve 
exchange. However, the arsenic is not adsorbed reversibly and 
50-s or more is bound in a nonextractable form. Thus, not all of 
the sediment-bound arsenic is available for maintaining elevated 
lake levels. Although this argument is qualitative, in view of 
the calculated arsenic flux in and out of the lake by net flow 
and the relatively small difference between the MCL and the 
highest lake arsenic concentration measured in 1986-87 (50 and 

respectively), it is likely that the lake levels will 
fall below the MCL if the releases from the ViChem site are 
stopped. This estimate is only qualitative and cannot be 
substantiated in a numerical form with the present data base. 
Additional data needed to clarify the arsenic mass balance in 
the watershed are outlined below: 

o Flow measurements and concurrent water samples for 
arsenic analysis should be obtained over a period of 
time at several points. The USGS gaging station at 
Norma can be utilized, since this station presently 
obtains this information. Water samples could be 
obtained at the outflow from Union Lake, where flow 
could easily be gaged by measuring the depth of water 
flowing over the spillway. A station could also be 
established on the Blackwater Branch below the ViChem 
plant. Data from these three stations would determine 
£!!e,„arS,eniu load.in the basin at three points, and 
could also be obtained at a relatively low cost. 

o Data on the rate of arsenic description off the sedi
ments would also be useful. The direct measurement of 
arsenic flux off the sediments would help describe the 
ake flux conditions after the upstream sources have been eliminated. < M 2 
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6.0 BASELINE RISK ASSESSMENT 

6.1 PUBLIC HEALTH EVALUATION - BLACKWATER BRANCH AND MAURICE 
RIVER NORTH OF UNION LAKE 

The public health evaluation of the Blackwater Branch and the 
upper Maurice River area had two objectives. The first was to 
assess the nature and extent of potential public health risks 
associated with the Blackwater Branch and the upper Maurice 
River in its present condition. This allows a decision as to 
whether or not the rivers require remedial action. The second 
was to help determine cleanup levels if it were decided the area 
required remediation. Data collected from Ebasco's Phase I and 
Phase II sampling efforts were reviewed. Since more samples 
were taken and more parameters were evaluated in the Phase II 
study and the data were more recent, data from the Phase II 
study were used in the development of this risk assessment. 
6.1.1 Risk Assessment Methodology 

The public health evaluation methodology utilized in this study 
involved several steps. The first was to identify the chemical 
contaminants of concern at the site to be carried through for 
quantitative assessment (indicator chemicals). Indicator 
chemicals were selected on the basis of toxicity, measured 
concentrations, physical-chemical properties and expected 
mobility in the environment. The next step was to define the 
potential exposure pathways and receptors at risk. The pathways 
were evaluated for applicability, and site-specific scenarios 
were developed to define the exposures. Site-specific intake 
rates for indicator chemicals from each exposure pathway were 
then estimated. For carcinogens, potential health impacts were 
then estimated by multiplying the intake rate by the cancer 
potency slope. For noncarcinogens, the pathway and age-specific 
intake rates were compared to EPA Reference Doses (RfDs) or 
other critical toxicity values to determine if potential health 
risks existed. For an initial worst case risk analysis, maximum 
site concentrations of contaminants in sediment and water as 
well as upper estimates of exposure conditions were used to 
screen out pathways that did not pose potentially severe health 
risks., Contaminant concentrations and exposure conditions more 
representative of the site were then used in pathway modeling to 
calculate more realistic or "most probable" estimates of 
site-related risks. Finally, the remedial objectives necessary 
to eliminate the potential health risks associated with the 
river area were determined. These remedial objectives are discussed in Subsection 8.2.3. 

6.1.1.1 Chemical Contaminants of Concern 
< 

A number of chemical constituents detected in Maurice River ® 
matrices were selected for evaluation in the risk assessment. 

o 
o 
to 
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They were selected based on their elevated concentrations 
relative to naturally occurring background levels, as well as 

• tOX1COl°g^ca1' Physical and chemical characteristics. in 
addition, these chemicals were compared to those used or 
manufactured at ViChem as listed in Table 1-2. 
6.1.1.1.1 Inorganics 

Three metals were selected as indicators of inorganic contamina
tion; arsenic, mercury, and lead. Arsenic was chosen because it 
was known to be related to past activities at the ViChem site 

waa detected in almost all surface sediment samples (0-1 
Z the Maurice River, with concentration ranging from 1.0 
to 3760 mg/kg (Tables 6-1 and 6-2). Since the background con-

x arsenic in U.S. soil ranges from 0.1 to 30 mg/kg 
(Table 6-3), the maximum detected arsenic concentration in 
sediment was at least 2 orders of magnitude above the normal 
background level. The concentration of arsenic in surface 

downgradient from the Vichem site ranged from 61 to 6200 
ug/1 (Tables 6-1 and 6-2). The Safe Drinking Water Act MCL for 
arsenic (i.e. the enforceable standard for arsenic in a public 
nnn™?9 "ater auPPiy. system) is only 50 ug/1. The maximum 
concentration of arsenic in surface water exceeded this value by 
approximately 2 orders of magnitude. Since organic arsenical 
!?fr iC1 Tf-^n fungicides were the major compounds manufactured 

the ViChem Plant (Table 1-2) , and arsenic is a human 
carcinogen, the potential health impacts from these elevated 
concentrations of arsenic in sediment and water were evaluated in this risk assessment. 

No data were available from the RI sampling efforts as to the 
chemical or ionic speciation of arsenic in surface water or 
sediment. Therefore, total arsenic analyses were used in this 
assessment, and the assumption was made that the arsenic present 
was inorganic arsenic and that it possessed the same carcino-
?nnt£ Potency as the arsenic to which the population was exposed 
in the epidemiologic studies from which its carcinogenic potency 
factor was derived (Tseng et al., 1968). The possible effects 
df JS^m^10n 0I\  th® uncertainty in the risk assessment are discussed at the conclusion of this analysis. 

addltlon to arsenic, mercury was also chosen as an indicator 
th^FU ir It WSS de.tected in °ne upgradient sediment sample in 

la^wa^er Branch at 0.16 mg/kg (Table 6-1), and 3 out of 4 
downgradient sediment samples in upper Maurice River (Table 6-2) 
with concentrations of 0.55 mg/kg, l.l mg/kg, and 0.32 mg/kq' 
respectively. While the background level of Sercury in US soils 
ranges from 0.01 to 0.54 mg/kg (Table 6-3), freshwater sediment 
from nonpolluted rivers and lakes in the United States typically 
contain less than 0.1 mg/kg mercury (USEPA, 1980). The concen- w 
trations of mercury detected in sediments of the upper Maurice 2 
th!6* 6fC .thlS value- Moreover, mercury was also found in 
! 0 8 uaoC/l WafTeahiPWfi "nce",;rations ranging from undetected § 0.8 ug/1 (Table 6-1) m the Blackwater Branch, and from w 
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TABLE 6-1 
SUMMARY OF OCCURRENCE OF CONTAMINANTS IN THE BLACKWATER BRANCH 

. 1 

I u> 

U = Undected 
1 - Based on Ebasco Phase II Samples 
2 - Based on 0-1 ft samples. 

Sediment 

Chemi cal 

Range in Up-
gradient Control 
Samples' 
(mo/ka) (Mediap) 

Frequency of 
Occurrence 
in Control 
Samples 

Range in 
Downgradient 
Samples^ 

Frequency of. 
Occurrence in 
Oowngradi ent 
Samples 

Range in Up-
gradient Con
trol Samples 

Frequency of 
Occurrence in 
Control 

Range in 
Oowngradient 
Samples 
(ua/1) (Median) 
61-6200(361.5) Arseni c U-l1.0(6.9) 6/11 7.7-3760(229) 5/5 U-2.5 

'Wip i es 

2/5 

Range in 
Oowngradient 
Samples 
(ua/1) (Median) 
61-6200(361.5) 

Mercury U-0.16 1/6 U 0/1 U-0.6 2/6 U-0.8(0.7) 
Lead 6.1-337.0(223.0) 5/5 23.3 1/1 29.4 1/1 U-7.5 
Cadmi urn 1.2-3.9(2.0) 6/6 U 0/1 4.6 1/6 U 
Chromi urn 8.71-31.9 2/5 N.D. 0/0 U 0/6 U-9.7 
Toluene U-0.255 2/5 0.13 1/1 U 0/6 U 
Gamma-BHC U-0.23 1/5 U 0/1 U 0/4 U 

Frequency of 
Occurrence i 
Oowngradient 
Samples 

4/4 
2/4 
1/2 

0/4 
1/4 
0/2 

0/2 
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TABLE 6-2 
SUMMARY QF OCCURRENCE OF CONTAMINANTS IN THE UPPER MAURICE RIVER 

<T\ I 

Sediment 1 

Chemical 

r\anije in up— 
gradient Control 
Samples^ 
Img/kq) (Median! 

Frequency of 
Occurrence 
in Control 
Swpies 

Range in 
Downgradient 
Samples^ 
(ma/ka) (Median) 

Frequency of 
Occurrence in 
Downgradient 
Samples 

Range in Up-
gradient Con
trol Samples 

Frequency of 
Occurrence in 
Control 

Bi.c no«i 
Range i n 
Downgradient 
Samples 
(uq/1) (Median) 
102-150 (124) 

Arsenic U-15.1 1/8 1.0-922 (70.8) 35/38 U-4.5 
aamp•" 

1/5 

Bi.c no«i 
Range i n 
Downgradient 
Samples 
(uq/1) (Median) 
102-150 (124) Mercury U 0/5 U-l.l (0.55) 3/4 U 0/5 U-0.5(0.3) Lead 10.4-33. 8 (19.1) 4/4 1.95-33 (22) 4/4 U-3.74 1/2 2.3-4.0 (3.75) Chromi urn 4.2-3.9 (11.4) 4/4 5.2-17 (9.0) 3/3 U-14.0 1/5 U-13.0 (9.3) Trichloroethylene U 0/5 U 0/2 U 0/5 2.0-11.0 (3.0) Toluene U-0.100 1/2 0.003-0.015 2/2 U 0/5 U DDT U-0.032 1/5 U 0/3 U 0/4 U 

Endosulfan sulfate U 0/5 U-0.023 1/4 U 0/4 U 

Frequency o 
Occurrence 
Downgradien 
Samples 

6/6 

5/8 
6/6 

3/8 
3/7 
0/8 

0/4 
0/3 

U = Undected 
1 - Based on Ebasco Phase II Samples 
2 - Based on 0—1 ft samples. 
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TABLE 6-3 
BACKGROUND CONCENTRATIONS IN SOIL AND 

SURFACE WATER FOR METALS FOUND 

METAL 
TYPICAL RANGE IN 

SANDY SOIL IN THE U.Sa 
(ma/kal 

TYPICAL RANGE 
SURFACE WATER 

(ua/1) 
A1 0.45 - 10%b 

As 0.1 - 30 <10d 
Ba 20 - 1500 
Cr 3 - 200 l-30e 
Cd 0.01 - 3.5C <1 d 
Hg 0.01 - 0.54 
Mn 7 - 2000 
Ni 5 - 70 
Pb <10-70 5-30d 
Sb 0.05 - 4.0b 

Zn <15 - 164 

a. From Kabata-Pendias, A., and H. Pendias, 1984. Trace 
Elements in Soils and plants. CRC Press, Inc., Boca Raton, Florida. 

lIe trr. a "n?e o£ soil 'yp®5- not sandy soils. From Kabota-Pendias and Pendias 1984. 

c. From NJDEP Files. Toth, S. Unpublished New Jersey Soils 
Data. Cook College, Rutgers University 1970's. 

d. From ATSDR Toxicological Profiles 1987. 

From Health Assessment Document for Chromium EPA, 1984. e 
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undetected to 0.5 ug/1 in the upper Maurice River (Table 6-2). 
Although these measured concentrations were below the MCL for 
mercury of 2 ug/1, they were above Clean Water Act Ambient Water 
Quality Criteria (AWQC) for ingestion of aguatic organisms and 
drinking water of 0.144 ug/1 (Table 6-4). Since mercury can 
bioaccumulate and was used by ViChem in manufacturing herbi
cides, it was selected in both sediment and surface water 
matrices as an indicator chemical. 

Lead was another metal chosen as an indicator chemical. The 
background value for lead in U.S. soil ranges from <10 - 70 
mg/kg (Kabota-Pendias and Pendias, 1984). Lead concentrations 
of 4 sediment samples from the Blackwater Branch exceeded this 
range (Table 6-1). Their values were 314 mg/kg, 223 mg/kg, 337 
mg/kg and 153 mg/kg. Although these sediment samples were 
collected from stations upgradient from the ViChem site, and 
lead was not known to be used at the plant, lead was assessed as 
a contaminant of concern for sediment in the Blackwater Branch 
because of its high toxicity (see Appendix H). 

The concentration of lead in all surface water samples ranged 
from undetected to 29.4 ug/1. Both the MCL and the AWQC for 
lead are 50 ug/1. in addition, the background level of lead of 
surface waters in the US ranges from 5-30 ug/1 (USEPA, 1986a). 
Thus, the concentration of lead in the Maurice River was within 
background levels. Therefore, lead was not selected as an 
indicator chemical in water. 

Other inorganic compounds such as chromium and cadmium were also 
detected in the Maurice River. They were not considered 
contaminants of concern because 1) they were not found in 
elevated concentrations relative to natural background levels, 
2) they were below the Clean Water Act AWQC Criteria and the 
Safe Drinking Water Act MCLs. Although cadmium was used at the 
ViChem Plant and was detected in matrices onsite, it was not 
found in sediment and water samples downgradient from the plant. 
6.1.1.1.2 Organics 

Organic analyses of the sediment and surface water samples 
included volatile organics, semi-volatiles, pesticides and 
f.s- .In surface water, the only organics detected were 
tnchloroethylene and trans-l,2-dichloroethene, with maximum 
concentrations of 11 ug/1 and 9 ug/1, respectively (both at 
station ER-8 in upper Maurice River). Trichloroethylene (TCE) 
is a probable human carcinogen, and it was used by ViChem. 
Thus, it was selected as an indicator chemical in water. 
funf-1'2~,dichloroethene is a degradation product of trichloro
ethylene (Vogel & McCarthy, 1985) and has no toxicity data. H 
Therefore, it was not evaluated. 2 
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TABLE 6-4 

WATER QUALITY REGULATORY CRITERIA FOR CONTAMINANTS IN BLACKWATER BRANCH AND UPPER MAURICE RIVER 

Chemical 
Arsenic 
Mercury 
Lead 
Chromium 
Trichloroethylene 

Safe Drink
ing Water 
Act MCLs (uo/1) 

Clean Water Act Criteria 
for Human Health 
Aquatic Organisms Adjusted for Drink-
and Drinking Water ing Water Only 

< 1 (uo/1) 

New Jersey Water 
Standard Surface 
Water Quality for 
FW2 Water 

(uq/11 

Black Water 
Sediment 
Range4 

Branch* 

(mg/kg) 
(Median) 

Surface 
Water 
Range-5 

(ua/l)(Median) 
50 

2 

50 
50 
5 

0(2.2 ng/1) 
144 ng/1 
50 
50<Cr V) 
0(2.7) 

(25 ng/1) 
10 

50 
50<Cr V) 
0(2.8) 

50 
2 

50 
50 

7.7-3760(229) 61-6200(361.5) 
U 
23.3 
N.D. 
U 

U-0.8 (0.7) 
U-7.5 
U-9.7 
U 

(TI I -J 
U = Undected 
ND - No Data 

The criterion value, which is zero for all potential carcinogens, is listed for all chemicals in the Table, 
ine concentration value given in parenthesis for potential carcinogens corresponds to a risk of 10"^. 

2.  

3. 
4. 

Based on Ebasco Phase II samples 
Excludes control samples. 
Based on 0-1 ft samples 

Upper Maurice River2 
Sediment Surface 
Range4 Water 
(mg/kg) Range3 
(Median) (uo/1HMedian 
1.0-922(70.8) 102-150(124) 
U-l.1(0.55) U-0.5(0.3) 
1.95-33(22) 2.3-4.0(3.75 
5.2-17(9.0) U-13.0 (9.3) 
U 2.0-11.0(3.0 
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In sediment samples, the only volatile organic compound detected 
at significant levels was toluene, with a maximum concentration 
of 260 ug/kg. However, the chronic acceptable oral intake for 
toluene is 0.3 mg/kg/day (USEPA, 1986b). For a child with a 
body weight of 17 kg, 5.1 mg of toluene may be ingested per 
day. With sediment concentrations of toluene at 260 ug/kg, over 
19 kg of toluene-contaminated sediment would have to be ingested 
per day to reach this level. As a result of this preliminary 
calculation, toluene was not considered further as an indicator chemical. 

Among the semi-volatiles, polynuclear aromatic hydrocarbons 
(PAHs) including chrysene, acenaphthene, fluorene, anthracene, 
pyrene and fluoranthrene were detected in 3 control and 1 
downgradient sample at low levels. These PAH compounds are 
common constituents of coal tar and asphalt. Their presence in 
sediment at station ER-10A (the only downgradient station where 
PAHs were detected) was not surprising since a new bridge was 
being constructed at that location during Phase II sampling 
efforts. Moreover, the background level of PAHs in soil has 
been reported to be between 4 and 13 mg/kg from relatively rural 
areas of the eastern United States (Blumer g£ SLL. 1977). None 
of these sediment samples had total PAH levels exceeding this 
range. Since none of these detected compounds were used at the 
ViChem site, they were probably not site-related contaminants 
and were not selected as indicator chemicals. 

Lastly, four pesticides were detected in one or more sediment 
samples. These included gamma-BHC (Lindane) in 1 upgradient 
sample in the Blackwater Branch, DDD, DDT in a control sample, 
and Endosulfan sulfate in one downgradient sample in the upper 
Maurice River (Table 6-2). Although the presence of these 
compounds are probably related to localized agricultural use, 
unrelated to site operation, DDT, gamma BHC and Endosulfan 
sulfate were evaluated in the sediment ingestion pathway because 
of their persistence and high toxicity. DDD is a degradation 
product of DDT with no health criteria and was therefore not evaluated. 

In summary, the chemical contaminants of concern which were 
addressed in the risk assessment for the Blackwater Branch and 
the upper Maurice River were as follows: 

o Blackwater Branch 
Sediment 
Arsenic 
Mercury 
Lead 

Surface Water 
Arsenic 
Mercury 

Gamma-BHC 
< M a 
o 
o fO 
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o Upper Maurice River 

Sediment Surface Watpr Biota 
Arsenic Arsenic Arsenic 
Mercury Mercury 
Endosulfan Sulfate TCE 
DDT 

6.1.1.2 Exposure Assessment 

Based on the environmental features of the Maurice River area, 
along with the possible activities of receptor populations, the 
following exposure pathways were initially considered potentially 
significant. 

o Ingestion of soil/stream sediment 
o Ingestion of stream water 
o Direct contact with soil/stream sediment 
o Direct contact with stream water 
o Ingestion of fish 
o Ingestion of blueberries 
o Ingestion of vegetables and/or forage crops 
o Inhalation of soil/former stream sediment 

These pathways were screened and all but three of them (direct 
contact with soil/stream sediment, ingestion of blueberries, and 
ingestion of vegetable/forage crops) were retained for 
quantitative evaluation. The rationale for selecting the 
evaluated pathways follows. 

6.1.1.2.1 Ingestion of Soil/Stream Sediment 

The Maurice River above Union Lake is frequented by local 
residents for activities such as swimming, fishing and wading. 
A public beach (Almond Road Beach) is located at Station ER-7 in 
the upper Maurice River. Other exposure points also exist as 
there are residences along the river. During the sampling 
period, children were observed swimming and playing by the 
water's edge. While intentional ingestion of stream sediment is 
unlikely, people, especially children, may contact contaminated 
soil/stream sediment and subsequently ingest a portion of the 
soil/stream sediment while eating, playing, or swimming. in 
contrast, the Blackwater Branch does not appear to be used 
extensively for recreation since the water level is not deep 
(ranging from 1 to less than 4 feet) and it is generally not as 
accessible as the Maurice River. Nevertheless, local children 
can still wade and play in the stream. During play, the bottom 
sediment can oe easily contacted directly or stirred up, 
deposited on the body and subsequently ingested. In addition' 
chemical analysis of the former flood area in Blackwater Branch 
indicated that this area is probably covered with 
arsenic-contaminated former stream sediment. This area has been 
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drained since the removal of the beaver dam which caused the 
flooding. Local residents, especially children; can come in 
contact with these contaminated sediments while playing in the 
area. Therefore, the ingestion of soil/stream sediment was 
evaluated as an exposure pathway for both the Blackwater Branch 
and the upper Maurice River. 
6.1.1.2.2 Ingestion of Stream Water 

The stream water in the upper Maurice River and the Blackwater 
Branch is not used for the drinking water supply. However, the 
inadvertent ingestion of stream water during swimming and play
ing activities cannot be ignored. Since arsenic and other indi
cator chemicals have been detected in the water in the Blackwater 
Branch and the Maurice River, the accidental ingestion of stream 
water was considered a potentially significant exposure route. 
6.1.1.2.3 Direct Contact with Soil/Stream Sediment 
Due to the low water levels in the Blackwater Branch and the 
upper Maurice River, people can come into direct contact with 
bottom sediments while swimming, wading, fishing and playing in 
the stream. In addition, the sediment can be resuspended in 
water and deposited on the body surface. This direct contact 
exposure pathway was not evaluated in the risk assessment for 
several reasons. First, it is not likely that the circumstances 
of exposure would lend themselves to efficient uptake of pollu
tants through the skin. Overall deposition rates are likely to 
be low and deposited sediments are likely to be washed off the 
skin by re-immersion. Also, arsenic and the other metals are 
not likely to be adsorbed to an appreciable extent through the 
skin. Dermal adsorption of pollutants, on the whole, are not 
likely to be significant compared to the ingestion of sediments, 
which is retained for quantitative analysis. 
6.1.1.2.4 Direct Contact with Stream Water 

As stated previously, the upper Maurice River is used for 
swimming, wading, and fishing activities. Thus, the potential 
exists for people to come into direct contact with the stream 
water during these recreational activities. Since contaminants 
in the water can be absorbed through the skin, this pathway was 
evaluated in the risk assessment. 
6.1.1.2.5 Ingestion of Fish 

Local residents commonly fish in the upper Maurice River. Since 
arsenic was detected in fish tissue from the upper Maurice River, 
the ingestion of fish was considered an important pathway and 
was evaluated in the risk assessment. 
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6.1.1.2.6 Ingest ion of  Blueberr ies 

Blueberr ies are widespread in the Maurice River area. Whi le the 
soi l  in the r iver area is  not bel ieved to be contaminated, i t  is 
possible for  those plants growing by the r iver to t ransfer 
arsenic f rom contaminated sediments to the f ru i ts through their  

However,  i t  is not bel ieved that th is pathway represents a major 
route of  exposure,  for  several  reasons. F i rst ,  only a re lat ively 
smal l  proport ion of  the blueberr ies growing in the area at  any 
one t ime would be expected to be growing in soi l  der ived from 
contaminated sediment.  Thus only a smal l  proport ion of  any 
indiv idual 's total  intake of  blueberr ies would be expected to 
come f rom contaminated areas. Second, arsenic uptake in plants 
tends to be re lat ively inef f ic ient ,  and what l i t t le is taken up 
tends to accumulate in the roots.  Baes, e£.  a l .  (1984) est imated 
an arsenic uptake factor of  6 x 10~3 for  non-vegetat ive growth 
in plants.  Therefore,  th is exposure pathway was not 
quant i tat ively carr ied through the r isk assessment.  

6.1.1.2.7 Ingest ion of  Vegetables and/or Forage Crops 

There is  no known use of  the stream water in the Blackwater 
Branch and the upper Maurice River for  i r r igat ion purposes. The 
soi l  in the r iver area is  not bel ieved to be contaminated and 
was not  analyzed. Therefore,  exposure f rom the ingest ion of  
vegetables and/or forage crops was not  assessed. 

6.1.1.2.8 Inhalat ion of  Soi l /Former Stream Sediment 

As ment ioned ear l ier ,  the former f lood region in the Blackwater 
Branch is  probably covered by arsenic-contaminated sediment.  At  
present,  th is area is  wet and covered wi th dead vegetat ion.  
Wind erosion of  contaminated soi l / former sediment is  not l ikely 
to occur.  However,  dur ing drought per iods,  these surf ic ia l  
soi ls may be dr ied,  become entrained in the a i r ,  and inhaled by 
peop e.  Since inhalat ion exposure to dust containing inorganic 
/ucp£i [C ^nL^eeiLaSS.0Ciate<? wi th an increased r isk of  lung cancer 
(USEPA, 1984),  the inhalat ion of  soi l / former stream sediment was 
evaluated as a possible exposure pathway. 

6.1.1.3 Toxic i ty Assessment 

Toxicological  evaluat ions of  the indicator chemicals are 
a^ITa™®?.: in. 'Jppe"d:L3? H* For the Purposes of  a r isk assessment 
at  a CERCLA s i te,  toxic ef fects of  chemicals can be div ided into 
two general  c lasses. The f i rst  class of  ef fects is  
non-carcinogenic,  that  is ,  any adverse heal th ef fect  not 
associated wi th increased r isks of  cancer in an exposed < 
populat ion.  Non-carcinogenic impacts can af fect  a wide var iety 
K <-°r+.9v,an s?stems'  through a large number of  chemical  mechanisms, 
but  they have the general  property that  there is  a range of  x  
doses above zero and below a " threshold" level ,  in which adverse S 
ef fects are unl ikely to occur in the exposed populat ion.  This 
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threshold dose level, which can be defined only approximately 
for a given chemical substance, population, and duration of 
exposure, provides the basis for defining "acceptable" dose 
levels (see below) and exposures for non-carcinogic effects. 
The other class of toxic effects, carcinogenic effects, involve 
the development of an increased risk of cancer among a 
population exposed to a particular agent. On mechanistic grounds 
(supported to some extent by mathematical modeling and low-dose 
studies), it is generally assumed that the magnitude of the 
carcinogenic effect (the increased risk of cancer in an exposed 
population) is a linear function of the dose of carcinogenic 
h^PnnUr»et-ShrieheiiH®d by th® P°Pulation- There is thus assumed to 
be no threshold , or acceptable dose of carcinogens. Instead, 
the carcinogenic activity of a substance is generally charac-

in °f a sl°Pe parameter (a carcinogenic potency 
°r CPF' . see below) which defines the relationships 

between dose and incremental risks for the exposed population. 
Acceptable intakes 

Acceptable intake values for non-carcinogenic effects are 
derived based on the amount of a substance that is not expected 
to produce adverse non-carcinogenic health effects to the 
general population (including sensitive subgroups). Acceptable 
intake values may be defined for acute exposures, for subchronic 
exposures, and for long-term chronic exposures. Generally 

levels ,and durations at hazardous waste sites are such 
u u ® acceptable intakes for chronic exposure (AIC) or 

subchronic exposure (AIS) are the most relevant measures of 
toxicity. Most AIS values are based on subchronic (10-90 day) 
dat? Tho'!lth°wU!h S?me are derived from human exposure data. The highest subchronic exposure level not causing adverse 
effects, or No-Observed-Adverse-Effect-Level (NOAEL) is 

4-ur0rn j1.1 ,valid animal studies in the literature. The 
NOAEL is then divided by an appropriate uncertainty factor 
onSUiinLf } t0 ?lV,® the AIS> similarlY' AIC values are based 

t? SI"1?8 I. °r' occasionally, human epidemiologic studies. The highest chronic exposure level not causina an 
adverse effect (NOAEL) is also determined from all appropriate 
studies in the literature. The NOAEL is then divided by an 
uncertainty factor to give the AIC. 7 

For assessing the health impact of non-carcinogens, AICs are 
compared to route-specific intake rates of the chemical in 
AISS exceeds ̂ i n^f "Vh °5- thS avera9e daily dose to the AIC or AIS exceeds 1.0 for the time period of exposure, this provides 
hLlth1Tmp1a°cntsthatTfhefheXP0Sfd P°.Pulation may experience adverse health impacts. If the ratio is less than l.o, then it is 
assumed that no adverse health effects will occur For 
"SreL inre J?;'""0 0£ P°llutant -Jose to the acceptaMe 
intake is in the range of 1.0, risk results should be 
iithrpthe nr™ H Cauti°n'a0win9 t0 the un«rtainties associated 
associs^d iXl XeS USed t0 de£ine acceptable intakes, and associated with the assessment of exposure and dose. Because of 
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the uncertainty factors incorporated in definitions nf 
acceptable intakes, It is generally believed that they are 
Sir£ESj:Sn.0.f- ."»* Populations and exposure circumstances, and that a dose to acceptable intake ratio o? 
approximately l.o should be considered more nearly an estimate 

"".VTV ".safe" dose ân an indication that adverse 
effects will definitely occur in the exposed populations. 

Values for acceptable intakes (AIC, AIS, long-term RfD) of 
non-carcinogenic pollutants used in this risk assp^cmonf v»=> 
been developed by EPA for all of the non-carconigentHndicator 
chemicals selected for quantitative assessment. These values are summarized in Table 6-5. vaiues 

in- ass.ess.ing non-carcinogenic risks from exposure to more than 
one chemical, this assessment follows EPA Guidance for the 
o^S^nt Health Effects Due to Chemical Mixtures (cited in 
SDl„fe!Ctthiv%9??5-4-1)- The broach employed is ti s™ tie 
ratios of the daily intakes for the chemicals in question to 
Calledtive acceptable intakes. The sum of these ratios is 
called a Hazard Index, and it is generally interpreted similiarlv 
to the individual dose/acceptable intake ratios That is I 

e?ceeding 1-° ls considered an indication that adve'rse 
^ ̂ Pacts may be experienced by the population exposed to 

the mixture of chemicals being assessed. This approach assumes 
°f inf?rm.at.ion to the contrary) the additivity 

• the effects of the individual chemicals. In instances where 
interactions between the toxic effects of specific chemicals are 
suggests0 that1 'if3 ass"mption breaks down. EPA guidance also suggests that, if a Hazard Index of greater than 10 i<; 
chemicalsGto the^a contributions of the individual chemicals to the hazard index be examined. If the ratio of 
mixtS?JPit«hlni5kK exceeds 1*° for individual chemicals in the 

e, it should be assumed that exposures to these chemical <? 
ocrcur°rfinCg°nCeTf  ̂be if no other'ex̂ sSrls"ê  
occurring. if no individual chemical has a dose/acceDtahl-
intake ratio greater than l.o, but the hazard i n d e xforallthe' 

S be 
f"e?ScaTsd affectbbe Hafd tî .î .tre.?:?:;; chemicals affecting each specific organ or organ system. 
Carcinogenic Potency Far+cr^ 

Carcinogenic risks are estimates of the increase in lif-Mmo 
given* " Ipe^tfic"0"^ b® ezperienced in a population if it is 
Seals. The Carcinogenic^otency'^Factor* (CPF)S£ darcinogenp^ 
is the upper 95-percen? confidence» oHaslope'eTt^ 
fâ «sSParSee CU7" e°f th" comP°und• Carcinogenic potê y S factors are used to estimate potential cancer risks hJ 2 

CPF 1̂ >cpp,ng chronic daily intake of a compound (CDI) by the 
CPF. CPFs are expressed as the lifetime cancer risk per mg Sf S 

to 
o 
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TABLE 6-5 
CRITICAL TOXICITY VALUES FOR CONTAMINANTS IN BLACKWATER BRANCH AND UPPFR MAURIEE RTVFpl 

Chemical 
A. Oral Route 

Arsenic 
Lead 
Mercury (Inorganic) 
Mercury (methyl) 
Endosulfan 
Tri chl oroethyl ene 
DDT 
Gamma-BHC (Lindane) 

B. Inhalation Route 
Arsenic 
Lead 
Mercury (Inorganic) 
Mercury (methyl) 
Tri chloroethylene 

Acceptable Tnt^ltf 
Subchronic Chronic 
(AIS) (AIC) 

(ffla/ko/davl 

1.4E-03 
2.80E-04 

5.10E-O4 
1.00E-04 

1.40E-03 
1.4E-03 
3.00E-04 
5.00xl0~5 

5.00E-04 
3.00E-04 

4.30E-04 
5.10E-05 
1.00E-04 

Source 

HEA 
RfD 
RfD 
IRIS 
RfD 
RfD 

HEA 
HEA 
HEA 

Cancer 
Potency 
Factor 

1.80E + 002 

1.10E-02 
3.4-01 

1.50E+01 

4.60E-03 

Source 

CAG 

HEA 
IRIS 

EPA 
Weight 
of 1 Evidence-3 

B2 
B2 

1 Taken from USEPA, OSWER Dir 9285. 4-1, update Nov 16, 1987. 

CAG 

HEA B2 

2' 0n a|"",l"9 * -I" f the enter initiation rather than using the 

3. Alphanumerics represent EPA weight of evidence classifications, defined as follows: 
Group A - £™^™<;°gn.erSofficient evidence from epidemiologic atodie, to support a casual association between 

Croup 8 - Probable Human Carcinogen. Limited evidence of carcinogenicity in humans from epidemiologic studies. 

Group C - ^"^^"^Carcinogon. Sufficient evidence of carcinogenicity in animals, inadequate evidence of 

"" = Se^^/SlEpT'SaXingSri.^lSSI'' »» «» <»"« °< dearth and 

"" ' ?9§"b "JSSUdA"e5Jr^a6)?U""nt- PrePared " "" E""">"»">»' CHtpria and Assessment Office, USEPA, Cincinnati, Ohio, 

IRIS = USEPA Integrated Risk Information Systems 
CAG = Carcinogen Assessment Group, EPA. 
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the compound per kg body weight per day. The carcinogenic 
b? EP?*s Car/-8 V*® indlcator chemicals, which are derived y PA s Carcinogen Assessment Group, are summarized in Table 

the compound per kg body weight per day. pote c—J *• - - • • • 
by I 
6-5. 

6.1.1.3.1 Dose-Response Parameters for Indicator Chemicals 
Arsenic 

Arsenic, the major contaminant in Maurice River, is carcinogenic 
to humans by both oral and inhalation routes. Chronic I  t i l  

riskSofe inorganic arsenic is associated with an increased 
risk of skin cancer. Arsenic-induced skin cancers differ from 
general?' "*** etiology by occurring on areas generally not exposed to sunlight, e.g. palms and soles and 
occurring as multiple lesions (Pershagen and Vahter, 1979). 
These cancers appear to be of two histopathological types* 
s q u a m o u s  c a r c i n o m a s  i n  t h e  k e r a t o t i c  a r e a s  a n d  b a s a l  l e l l  

carcinomas (Neubarier, 1947). cel1 

The data that was used to derive the CPF for arsenic via the 
oral route was collected by Tseng et al. (1968} m fv,;-
study, the authors surveyed the occurrence of skin cancer among 
a stable population of 40,421 individuals in a rural area in 
Taiwan where arsenic levels in deep wells usld for dr?nkihS 
water ranged from 0.001 to 1.82 mg/1, with average levels of 

•°'44-^° 0'6 mg/.1- Recent analyses of water samples 
from 2 wells in the Yenshei Province of Taiwan (Irgolic 1982) 
U3? n n?a th^ Water contained inorganic arsenic (a'rsenUe 
(+3), 0.024 mg/1; arsenate (+5) 0.9 mg/1) and no organic 
bothni,r? S; Therefore, the people could have been exposed It 
Tseng^r Studv anhas havalent .ai\senic compounds. The data from 
mu 1 tistage carcinogenesis" l^.^The ̂  fo? 

a\biTLrte estimated by this moaei ^ 

Inhaled arsenic also increases the risk of lung cancer. This 
has been observed mostly in humans exposed to high levels of 
airborne arsenic in or around smelters, but excess resoiratorv 
%n^er5 b.ave. also been observed in areas near pesticide plants 
(Matanoski ei al. 1981). The CPF for arsenic via the inhalation 
^nrt?ocWaS deriv®d from 5 respiratory cancer epidemiological studies on smelter workers and was estimated 
<mg/kg/day)-l (USEPA, 1984). in this analysTs^^the oral CPF 
sediment"S t0 assess risks for a11 r0"tes except inhalation of 

Chronic and subchronic exposures to arsenic has also resulted in 
groups6 Thesen"CaffCee health effects in individuals of all age 
Subsection 1.1.4 1 C 316 dlscussed in detail in 
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Gamma-BHC (Lindane! 

Gamma-BHC is a persistent chlorinated pesticide which has been 
ound in sediment in the Blackwater Branch. It is a neurotoxin 

causing central nervous system stimulation whose symptoms may 
include vomiting, tremor, fainting, muscle spasms, convulsions 
coma, respiratory failure and death after acute exposure to 
humans. The estimated human LD50 is 50-500 mg/kg. EPA has 
defined a reference dose (RfD) of 3.0 x 10~4 mg/kg/day to be 
protective against the chronic non-carcinogenic effects of exposure. 
Lead 

Elevated levels of lead (relative to regional background values) 
were also found in sediments in the Blackwater Branch. In
organic lead compounds may enter the body either through the 
gastrointestinal tract after ingesting lead-containing sediment 
or particulates suspended in air. Absorption efficiencies for 
lead in sediment or in food are quite variable, ranging from an 
average of about 8% in adults to 50% in children. Depending 
upon the size of the particles involved, between 30-50% of 
inhaled particulate lead is absorbed into the body. 

High exposures to lead, usually in the occupational environment, 
can result in severe central nervous system depression, 
lead-related encephalopathy and death. Chronic, low level 
exposure to lead results in a wide variety of clinical effects, 
including effects on hematopoiesis, anemia, altered energy 
metabolism, calcium homeostasis, and neurobehavioral and 
developmental disorders. Of major concern are the 
neurobehavioral and developmental effects in children (slowed 
physical and intellectual development), which appear to be 
induced at exposures lower than those required to produce 
effects in adults. EPA has defined an acceptable chronic dose 
level of 1.40 x 10-3 mg/kg/day for oral intake and 4.3 
10 mg/kg/day for inhalation exposures. The MCL for lead 50 ug/1. 

x 
is 

Mercury 

Mercury is a heavy metal pollutant found at levels exceeding 
background in both sediment and surface water in the Blackwater 
Branch and upper Maurice River. Mercury commonly exists in the 
environment in several forms. Inorganic mercury salts vary in 

solubility/ with mercuric (+2) salts being much more 
soluble than mercurous (+1) salts. Inorganic mercury may also 
form soluble organic complexes in the environment, and inorganic 
mercury is easily metabolized to methylmercury compounds by soil < 
and sediment bacteria. Both the organic and inorganic forms of a 
mercury are highly toxic, with the primary target organ being 
the central nervous system and the kidney. Generally, organic ° 
mercury compounds are more neurotoxic than inorganic compounds, " 
perhaps due in part to their more rapid passage across the 

o to 
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blood-brain barrier. Inorganic mercury, especially the (+2) 
salts, are more toxic to the kidney than organic mercury salts, 
and EPA's RfD for inorganic mercury (1.4 x 10-3 mg/kg/day) is 
based on the results of an animal study of kidney toxicity The 
RfD for methylmercury is 3.0 x 10-4 mg/kg/day, based on a 
human study of the central nervous system effects (ataxia 
paresthesia). . EPA has defined chronic acceptable intake values 
via the inhalation route for inorganic and organic mercury of 
5.1 x 10-s mg/kg/day and 1.0 x 10"4 mg/kg/day, 
respectively. Both the organic and inorganic forms of mercury 
have also been demonstrated to be teratogenic in animal systems. 
Trichloroethvlenp 

Trichloroethylene, TCE is a volatile chlorinated organic 
solvent, which has been found in several samples from the upper 
Maurice River. TCE is quite volatile and consequently has a 
short half-life in surface water. It degrades readily in the 
atmosphere, and may be metabolized by soil organisms to form 
vinyl chloride and other metabolites. 
Chronic exposure to high levels of TCE has been found to produce 
adverse effects on the liver, kidney and central nervous system 
of exposed animals. TCE has been found to induce liver tumors 
in mice and the EPA has categorized TCE as a B2 (probable human) 
carcinogen. CPFs of 1.1 x 10~2 and 4.6 x 10"3 

(mg/kg/day) "J- have been defined for oral and inhalation 
exposures, respectively. 
Endosulfan SulfatP 

Endosulfan sulfate is one of a series of closely related 
pesticide compounds that was found in one sediment sample from 
the upper Maurice River. The major target organ for the toxic 
activity of endosulfan is the central nervous system. EPA's 
Integrated Risk Information System (IRIS) data base reports an 
acceptable intake value of 5.00 x 10~5 mg/kg/day by the ingestion route. 

6.1.1.4 Exposure Model and Risk Assessment Results 
The next step in the public health risk assessment procedure was 
to determine the amount of human exposure to the selected 
contaminants via the various pathways described in Section 
b.1.1.2. This step was necessary since applicable or relevant 
and appropriate requirements (ARAR's) do not exist for most of 
the exposure pathways. In addition, calculating the total 
exposure via several pathways requires the site-specific 
evaluation of each medium or matrix. 
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Quantitative exposure models which reflect the transport of 
Sfr°m the S01U1rCe to the receptors were developed 
Insure.xnrV,, JSP-'>• Y USef.Ul • t0 estim«e chr°nic hSman 
exposure expressed m terms of intake. The pathways are 
expressed as a series of equations describing a site-specific 
If an r„^^te"SPHCifiC, lntake 'or a P"«oular conceal™ 
of an indicator chemical. Two sets of pathway models were rt l l l estimate the maximum or worst case exposure of 
nr m^rS K a contaminant' an<3 one to estimate a more realistic 
sets of le exposure. By comparing the results of the two 
sets of models, the range of risks that exposed populations may 
experience can be determined. The method is general and is 
described in detail in Subsection 6.1.1.4.1 for the exposure of 
Lrfo^S°n* Via the sediment ingestion pathway. Sum
maries of the methods used for the other pathways are given in 

«-]feCt:LC,nS' Table 6~6 presents the equations used to 
orle^ S i-u exposure via the various pathways, while Table 6-7 
upper Haurice fiver"" pararaeters for the Blackwater Branch and 

6.1.1.4.1 Ingestion of Soil/Stream Sediment 

recnreati°nal use of the upper Maurice River and the 
Blackwater Branch is known to occur, the incidental ingestion of 
river sediment is a potential exposure pathway. The following 
infak£X°r °i. re"eatlo,nal use was used to determine site-specific 
Ihlt \i?S sediment ingestion. The major receptor via 
these pathways are the local children, who spendthlit 
Pla^ina10narn Vhf ^ swirnrain9' wading, fishing and 
playing in the worst case assumptions, these activities are 
assumed to occur for 5 months per year (April-September), 4 days 
frMifpnti rt a.total °f 80 days per year. Exposures may occur 

rfn/ltp111' of the summer, but less frequently 
pynnlnr a  I.. u swimming season. This number of days of 
exposure, although conservative, is realistic considering there 
are residences by the river. Adults and infants are assSmeHo 
spend less time in the river, 2 days a week, for a total of 40 
infan?er year' In the most probable case assumption, adults and 
infants are assumed to spend a total of 7 days per year in the 

'P?1*?1" the frequency of water uae for swtling 
(USEPA^igBe)1" rhP?HS Superfund E*P°sure Assessment Manual 
river fir . total ^"an*a" assuraea to sPend ">°re time in the 
river, tor a total of 40 days per year. These parameters are summarized in Table 6-7. faiduiecers are 

iJjaestion'^r^^ ?°?tami?ant intak® rate from soil/sediment 
tions cnii • cal<;Mlated from sediment contaminant concentra
tions, soil ingestion rate, the fraction of year a person is 
isP°abesorb°ed fronTTh' th\ fraction of the ingested compound that 
is absorbed from the gut, as well as the body weight of the 
exposed individual. The equation is shown in Table 6-6. It is 
assumed that the receptors have a specific incidental soil 
ingestion rate that is related to their age and behavio? 
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TABLE 6-6 

Equation 

SUMMARY CP EQUATIONS USED TO 
CALCULATE CHRONIC DAILY INTAKES FOR RIVER AREAS<a) 

Expression 
7-1 Sediment Ingestion 

CD I = 

7-2 Lake Water Ingestion 
CD I =' 

7-3 Fish Ingestion 
CD I = 

7-4 Fish Ingestion 
(Bi oooneentrati on) 
CDI= 

7-5 Lake Water Dermal Absorption 
CD I = 

7-6 Sediment Inhalation 
CDI = 

(SC)(IRS) (%ABS) (EVT) (EXP) 
(BW) (365 days)(/u years) (1UUU) 

(WC) (WI)(%ABS) (EVT) (EXP) 
(BWJUbb aaysM/u years; 

(FC)(FI)(%ABS)(EXP) 
(BW)(70 years) 

(WC)(BCF) (FI) (% ABS) 
few) 

(W3) (Flux) (TP) (%ABS) (EVT) (EXP) (SA) 
(BW)(365 days)(70 years) 

(SC)(SAA)(%ABS)(BR)(EXP)fFC)fl0~6) 
(BWH/O years) 

To calculate pis for carcinogens, CDI is calculated for each age group, 
and the lifetime weighted-average CDI is used to assess cancer risks. For 
noncarcinogens, the CDI^ for the most heavily exposed age group is 
compared to the acceptable daily intake for the pollutant of concern. 

Definitions 

1. CDI = Chronic Daily intake (mgAg/day) 
2. SC = Soil Concentration (mg/kg) 
3. IRS = Soil ingestion Rate (g/day for age group) 
4. % ABS = Percent Take up by Body (for age group) 
5. EVT = # of Events per year (for age group) 
6. EXP = Years of Exposure (for age group) 

7999b 
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TABLE 6-6 (Cont'd) 

SUMMARY OF EQUATIONS USED TO 
CALCULATE CHRONIC DAILY INTAKES FOR RIVER AREAS 

7. BW 
8. WC 9. WI 
10. FC 11. FI 
12. BCF 
13. FlUX 14. D 15. SA 16. SAA 17. BR 
18. FC 

= Body Weight (kg for age group) 
= Water Concentration (mg/1) 
= Water Ingested (1/day) 
= Fish Concentration (mgAg) 
= Fish Ingestion Rate (kg/day) 
= Bioooncentration Factor for Contaminent (lAg) 
= Flux Rate of Water Across Skin (mg/cmvhr) 
= Time of Exposure (hours) 
= Body Surface Area (cm2) 
= Suspended Sediment Concentration (mg/m^) 
= Breathing Rate (nr/day) 
= Fraction of Inhaled Particulate that came from 
Blackwater Branch 
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TABLE 6-7 

PARAMETERS FOR RECREATIONAL EXPOSURES TO BLACKWATER BRANCH AND MAURICE RIVER 
Water and sedimeot" : 

Physical Parameters 

Population Body Weight Surf ace-Area Population Age kg 2 an 
Infant 0-2 8.95 2.00E+03 Young Child 2-6 17 6.80E+03 Child 6-10 28.4 1.02E+04 Child 11-14 45.3 1.15E+04 
Child 15-18 59.7 1.75E+04 Adults 18-70 70 2.0E+04 
Site Exposure Parameters 

Population 
Days at 
River/Yr 

Hours/day 
at River 

Years 
Exposure 

Soil Ingestion 
Rate g/day 

MOSt 
Worst Probable Case Case 

Infant (0-2) 40 7 Young Child (2-6) 80 40 Child (6-10) 80 40 Child (11-14) 80 40 Child (15-18) 80 40 Adults (18-70) 40 7 

Most Most Probable Worst Probable Case Cast Case 
2.6 2 1.00E-01 5.00E-02 2.6 5 2.00E-01 8.00E-02 2.6 5 1.00E-01 5.00E-02 
2.6 3 5.00E-02 1.00E-02 2.6 3 5.00E-02 1.00E-02 
2.6 52 5.00E-02 1.00E-02 
case; 50 ml (1 mouthful/day) 

Wbrst 
Case 
4 
4 
4 
4 
4 
4 

most prooaole case Water flux through skin =0.5 mg/cm2/hr 
%ABS for arsenic (ingestion) = 100% 

(inhalation) = 30% (most probable case), 80% (worst case) 
» anc* contact from water) = 6.0% adults, 12% child (up to 10 yers) % ABS for mercury (inorganic) =15% 

(methyl) = 100 % 
% ABS for  lead = 50% for  chi ldren 

15% for adult 
% ABS for DDT = 100% 
% ABS for gamma BHT = 35% 
% ABS for Endosulfan sulfate = 100% 
% ABS for ICE = 100% 
BCF for mercury (inorganic) = 5500 1/kg 
Average fish ingestion for US = 6.5 g/day above age 6 (most probable case) 

37 g/day above age 6 and 6.5 g/day below age 6 (worst case). SAA = 0.17 mg/mJ (air dust cone) 
BR = 37.7 m3/day (worst case); 12.8 m3/day 

(most probable case) (breathing rate) 
FC = 10% (fraction of suspended particulate ccming from Blackwater Branch) 

Note: Inhalation evaluated for a 5 year draught, therefore exp. = 5 years 
7999b 
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According to USEPA (1986), a young child (1.5 to 4 years old) 
typically ingests 0.1 to 0.2g of soil per day. Older children 
and adults ingest less. The soil ingestion rates for the various 
age groups are presented in Table 6-7. In this mathematical 
model, the absorption of ingested arsenic from the gastrointes
tinal tract is assumed to be 100%. This assumption is based on 
reports using human subjects that soluble inorganic arsenic is 
almost totally absorbed from the gastrointestinal tract (USEPA, 
1984). The bioavailability of arsenic adsorbed to ingested sedi
ment may be less. However, the stomach is acidic (pH of 1 5 to 
2.5). Much of the arsenic should be freed from the sediment. 
Therefore, the absorption of ingested arsenic bound to sediment 
is assumed to be 100%, although this is probably conservative. 
Assumed absorption from the gastrointestinal (GI) tract for 
other indicator chemicals were as follows: mercury, 15%, (the 
mercury bound to sediment is probably in inorganic form, and the 
absorption of inorganic mercury from GI tract is about 15%) 
USEPA, (1980); lead, 15% for adults (Chamberlain at Al., 1978) 
and 50-c for children (Hammond, 1982); endosulfan sulfate, 100%* 
DDT, 100% (USEPA, 1980b); and gamma BHC, 35% (Koransky ££ al.' 19 63) . ' 

To assess risks for carcinogenic indicator chemicals, the 
lifetime CDI, calculated as a weighted average over all the age 
group categories identified in Table 6-7, was multiplied by the 
CPFs for the chemicals to give a lifetime incremental cancer 
risk. This is the "integrated lifetime model" (see Appendix E)tl 
For non-carcinogens, worst case CDIs were calculated for each 
age group and the highest value (for sediment ingestion, 2-6 
years-old) was compared to the RfD or AIC for specific 
contaminants. In addition, the CDI, averaged over the summer 
swimming season, was compared to the subchronic acceptable 
intakes (AIS) where these values were available for specific indicator chemicals. 

The actual calculations of CDI and associated carcinogenic risks 
for the worst case sediment ingestion pathways in the Blackwater 
Branch and upper Maurice River are shown in Table E-l and E-2 
of Appendix E. Arsenic concentrations in the surface sediment 

I- ^ were used in the calculations,- since surficial sediments are most likely to be ingested. 

For a maximum arsenic concentration of 3760 mg/kg in the 
Blackwater Branch and worst case exposure assumptions, the 
site-specific CDI of arsenic was calculated to be 1.32 x 10-3 
mg/kg/day, and the associated cancer risk was 2 x 10~3. For 
the maximum arsenic concentration of 922 mg/kg in the upper 

r' the site-specific CDI was calculated to be 3.23 x 
10 mg/kg/day, and the associated cancer risk was 5 x 10~4. 
Since the cancer risk for both areas exceeded 1 x 10~®, the 
calculations were repeated with more representative (most prob
able case) arsenic concentrations and exposure conditions. 
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* ?r\ Branch' the median arsenic concentration 
(excluding controls) of 229 mg/kg was used. For the upper 

uric. River the mean arsenic concentration of all surface 
i * samples at each downgradient station was determined 
uspd Vlf ̂ 1? ?ni- °f these mean concentrations (70.8 mg/kg) was used to calculate a most probable case CDI. 

Utilizing the median arsenic concentrations and most probable 
warSr3e2TU,7-510nŜ he CDI °f ?rsenic in the Blackwater Branch 
fho rni f • w an associated cancer risk of 2 x lo~5-

° a"enic for .the upper Maurice River is 4.07 x 10~6 
mg/kg/day, with an associated cancer risk of 6 x 10~®. 
Under the worst-case assumptions, the CDI for the pesticide 
ma/ko/rtf associated with sediment ingestion was 2.82 x• 10-8 
mg/kg/day, which corresponds to a cancer risk of 4 x 10-8 
respectively,- whereas the CDI for DDT was 1.12 x 10~8 
respectively. C0rresp0nds to a canc^ risk of and 4 x 10"9, 

For the non-carcinogenic contaminant, mercury, detected in the 
upper Maurice River at a maximum concentration of 1.1 mg/kg, the 
?n-7 zi, ̂  most. heavily exposed group (age 2-6) was 4 3 x 
RLIC m9/ g/Bday using worst case exposure assumptions. In' the 
6 r r3 ie0r-8Br̂ ;/,the cdI for the same gr°up f°r -aj 
6.1 x 10 mg/kg/day. These values are about 4 orders of 
rfy l n-3 A /^han the chronic acceptable daily intake of 
1.4 x 10 mg/kg/day. Subchronic doses of mercury, calculated 
for the summer exposure period, were also at least three orders 

magnitude below the acceptable subchronic intakes. For lead 
the worst case CDI in the Blackwater Branch is 4.3 x 10-4 mo/ 
lo-3aymn7k /CH 1S l0WGr than the accePtable daily intake of 1.4 x 
10 mg/kg/day. For endosulfan, the CDI is 5.9 x 10"8 ma/ 

in̂ kro£%rxU\o-50rmag7kg/0/ayraa9nitUae ̂  ̂ tha 

In addition to carcinogenic effects, the potential acute nr 

af roiC-aCsOnt2a0mitnoat̂  

„S?T 
J" !?tl0n' anemia, neuropathy, vascular lesions, skin lesions 
hepatic or renal injury (Tay and Seah, 1975). Lethality mav 
I T 9 1 4 )  A o t . l v L a r ? h n d  a 0 0  u 9 / k 9 / a ® y  h i g h e r  ( A r m s t r o n g  s i  Z±. 1984). Applying this dose response relationship, a child of 
in/**9 ma3n toxic symPtoms at arsenic doses of 0.340 to 1 
mg/day. Death may occur at about 10.2 mg/day. At the maximum 
mi/kH1C- sed*™ent concentration in Blackwater Branch of 3760 

ejects"9 9i°f42m97 °£ r1-? 9 337 C°Uld produce adverse 
"f errects. If 2.7 g of such sediment is inqested more 
section 66 °CCUI: AS discussed Previously, in Sub- < 
section 6.1.1 4.1, the estimated soil ingestion rate of vouna 
children is about 0.1 to 0.2 g per day. Thus, it is poss?b?e z 

o o to 
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for children to experience adverse acute and subacute health 
effects if large amounts of very highly contaminated sediments are ingested. 

6.1.1.4.2 Ingestion of Stream Water 

The site-specific intakes of arsenic from the incidental inges
tion of surface water in the Blackwater Branch and the upper 
Maurice River were also estimated. The mathematical model for 
stream water ingestion is described in Table 6-6, with the 
exposure assumptions summarized in Table 6-7. A value of 100 ml 
(approximately two mouthfuls of water) was selected as repre
sentative of the amount of water one might ingest for worst case 
assumption during a day of swimming, playing and splashing in 
the river; whereas 50 ml (l mouthful) was used as the amount of 
water ingested for the most probable case assumption. The total 
arsenic concentration in the water was used in the risk assess
ment, since the total amount of arsenic ingested should include 
soluble arsenic species in the water, those adsorbed by sediment 
and organic matter in the water, as well as the insoluble species in suspension. 

The actual calculations of arsenic intake via this pathway are 
shown in Table E-5 to Table E-8 in Appendix E. Using the worst 
case and most probable case assumptions for the Blackwater Branch 
results in CDIs of 2.08 x 10"3 and 2.13 x 10"5 mg/kg/day, 
which correspond to cancer risks of 3 x 10-3 and 3 x 10"5, 
respectively. Worst case and most probable exposure assumptions 
in the upper Maurice River result in CDIs of 5.0 x 10"5 and 

V mg/kg/day, which correspond to cancer risks of 8 x 10~ and 1 x 10 respectively. 

For trichloroethylene (TCE), using the maximum concentration of 
11 ug/1 in upper Maurice River resulted in a worst case CDI of 
3.7 x 10" mg/kg/day, which corresponds to a cancer risk of 4 x 10"°. 

The total cancer risk from ingestion of water in the upper 
!^riC-e R*7®r would be the sum of cancer risks from arsenic and 
TCE via this pathway, assuming the risks are additive. since 
the risk due to TCE ingestion is 3 orders of magnitude lower 
than that of arsenic, the total cancer risk from ingestion of 
water in the upper Maurice River is essentialy all due to 
arsenic with a most probable case estimate of 1 x 10~3 which 
exceeds the target level of 1 x 10"6. 

In calculating a CDI of mercury from ingestion of stream water, 
the gastrointestinal (G.I.) absorption factor for methylmercury 
was used since methylmercury species may be present in the water 
(see Appendix H). The G.I. absorption factor for methylmercury 
is 1.0 and is much higher than the value of 0.15 used for 
anHr^ani-C mercury* Using the worst case exposure assumptions 
and maximum mercury concentrations in the Blackwater Branch and 
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the upper Maurice River resul ts in CDIs of  l .o x 10~S 
^i)4 *  I  mg/kg/day, which are far  below the 

acceptable intakes of  1.4 x io~3 mg/kg/day for  inorganic 
mercury and 3.00 x 10~4 mg/kg/day for  methyl  mercury.  

6.1.1.4.3 Ingest ion of  Fish 

Fishing is  a popular recreat ional  act iv i ty in the upper Maurice 
River The s i te-speci f ic  intake of  arsenic f rom the inges£iSn 
?ho was calculated by the equat ion shown in Table 6-6,  using 
the assumptions shown in Table 6-7.  s ince chi ldren under s ix 
ingest very l i t t le f ish in general ,  their  f ish ingest ion rate is  
assumed to be zero under the most probable case scenar io.  For 
populations in other age groups, a fish ingestion rate of 6 5 
9 1S used* is  an est imate made for  an average person 
cMldff U-S- <".SEPA' "80O- For the worst case'cenado" 
chi ldren under s ix are assumed to ingest 6.5 g of  f ish per day 
and populat ions in other age groups are assumed to ingest 37 g 
of wort5eV h-' T^1S flSh in9est ion rate is  based on studies 

sports f ishing in contaminated lakes in the Western U S 
mo/U \  ,  arsenic concentrat ion measured in f ish t issue (0 91 
mg/kg),  (arsenic was detected in only 1 out of  3 f ish) the CDI 
a M a ' 8 ' 7 5  . *  1 0 - 5  " V ' W t o y  f o r  t h e  S o s t  p r o "  
able case, and the associated cancer r isk is  1 x 10-4 (as 

V  l a b l e  E _ 9 ) -  F 2 r  t h e  w o r s t - c a s e  s c e n a r i o ?  C D I  i s  c a l c u l a t e d  t o  b e  5 . 4 2  x  1 0 ~ 4  m g / k g / d a y ,  a n d  t h e  a s s o 

c i a t e d  c a n c e r  r i s k  i s  8  x  1 0 " 4 .  0  

For comparison purposes, the CDI of  arsenic f rom f ish ingest ion 
USEPA3 198fiMUlateH fr°m US bioconcentration factor (44 1/kg) 
d e s c r i b e d  i n  T a b ? /  ( F T ™ * ™ * * 1 0 " ,  i n  W 3 t e r  u s i n g  t h e  m o d e l  a e s c r i b e d  i n  T a b l e  6 - 6 .  T h e  v a l u e  o b t a i n e d  i s  5  2 5  x  i n - 4  

cancer risk° of fclfle mo" 4probable «se, which corresponds to a 
I  Of 8 X 10 4.  Thus, the r isk obtained is  in the 

Table 6 - 7 *  ma9nitude as that  obtained by the model shown in 

Since mercury,  another indicator chemical  in the Maurice Rivpr 
is  known to bioaccumulate in f ish,  but i ts  concentrat ion in fL i  

was ?ot measured, a s i te-speci f ic  intake of  mercury f rom 
in Table®! 6°n The°ma?h be. .esbimated the equat ion presented 
IJa K. e Th? mathematical  model for  th is pathway ut i l izes 

e 31°aCs0n„CeTl as'tn" factn0r-' c°ntamina„t concentration ?n 
factor nr ingestion rate. The bioconcentration 
f a c t o r  f o r  i n o r g a n i c  m e r c u r y  i s  5 5 0 0  1 / k q  ( U S E P A  l Q f t f i M  < n „ p 0  

ib «ab tissue should be predominantT^if th^'form of 
met h y l m e r c u r y  ( A p p e n d i x  H ) ,  t h e  o r a l  a b s o r p t i o n  f a c t o r  for 

ethylmercury is  used in the human dose calculat ions From the 
u g /1mUthe6wors t COnce^"bion i* the upper Maurice Sivef S? 0 I 
3 6 x 10-3 ma/kn/rtav 6"10 gr0Up is calculated to be 
of 3 00 X 10-49 Si /H1CVS 12 times the acceptable intake 
adults tL mg/kg/day for methylmercury compounds. For adults, the worst-case CDI is calculated to be 1 5 x 10-3 
mg/kg/day, which is 4.8 times the acceptable intake. 
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Site-specific intake of TCE in fish ingestion was also estimated 
using the model in Table 6-6. Using the maximum concentration 
ot 11 ug/1 in water, its bioconcentration factor of 10.6 1/kq 
and an oral absorption factor of l.o, the CDI was calculated to 
be 6.9 x 10 mg/kg/day for the worst case assumption, with an 
associated cancer risk of 8 x 10~7. This is again about three 
orders of magnitude below the cancer risk associated with arsenic exposure. 

From the calculations performed for this exposure pathway it 
can be concluded that risk from ingestion of fish in the upper 
Maurice River is primarily due to arsenic, and is estimated by 
most probable case assumptions to be between 1 x 10~4 and 8 x 
10 , depending upon the exposure models used. However, the 
form of arsenic in the fish was not analyzed; only the total 
arsenic was measured. Studies of arsenic speciation in fish 
indicate that more than 85% of the total arsenic may be in the 
form of a water-soluble organic arsenic compound, arsenobetaine, 
(Shmagawa ei a_l, 1983). This substance is easily excreted by 
humans after ingestion and thus is much less toxic than inorganic 
arsenic. Studies have shown that oral doses of arsenobetaine as 
high as 10,000 mg/kg produced no toxic symptoms in mice (Raise 

ai, 1985). in the risk assessment calculations presented, it 
was assumed that all the arsenic in the fish is in the more toxic 
inorganic form. Thus, the cancer risk calculated for arsenic in 
lower1 15 V6ry conservative' and the actual risks may be much 

When comparing the arsenic level in fish along the Maurice River 
with background levels of arsenic in food (see Table 6-8), the 
detected arsenic concentration of 0.91 mg/kg is in the range of 
mean values commonly observed in fin fish and shellfish. 
6.1.1.4.4 Direct Contact With Stream Water 

Direct contact with water in the Maurice River can occur during 
swimming, wading and other water recreational activities The 
contaminants in the stream water can be absorbed through the 
the" cirrnf bl°od.stream. The exposure model used to estimate the CDI of contaminants via this pathway was based on the 
Manias ni^FPA1™! ^ USEPA SuPerfund Exposure Assessment Manual (USEPA, 1986b). The equation is presented in Table 6-6, 
estimaff^T HS V?6 JV* Table 6~7* The contaminant intake is estimated based on the flux rate of water through the skin, the 
duration of exposure, the surface area of exposure, and the 
dermal absorption factor of the contaminant. The flux rate of 
water through the skin is assumed to be 0.5 mg/cm2/hr as 
recommended by EPA (USEPA, 1986c). The duration of exposure is 
aDo^na ?h.be 2,6 h°,Ur/ day £or the most Probable case? applying the recommendation in EPA's Superfund Exposure Assess 
ZrtttoTof e<USEPA' 1986)' F°r the WOrst «seXPs°ce„ario he 
duration of exposure is assumed to be 4 hours per day It is 
assumed that the whole body is immersed in water, although this 
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TABLE 6-8 

ARSENIC LEVELS IN FOODS9 

Arsenic concentrations (mg/kg)b 

Food GTOUD Range of Food GTOUD mean values Maximum 
Meats, eggs, and milk 0.01-0.03 0.5 (chicken) 
Vegetables and fruits 0.01-0.03 0.3 (potato products) 
Cereal, nuts, and sugar 0.01-0.04 0.4 (rice) products 0.4 (rice) 

Fin fish and shellfish 0.07-1.47 19.1 (fin fish) 

From ATSDR Toxicological Profile for Arsenic, 1987. 

Arsenic levels are reported as concentrations of AsoOo, 
but this does not imply that arsenic exists in this form in 
the food samples. 

< H 3 
o o to 
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is probably an overestimate for exposure in the Blackwater 
Branch. A dermal absorption factor of about 1.8% was derived 

studies on arsenic absorption by rat skin (Dutkiewicz, 
*• * However, for conservatism, the dermal absorption rate 
derived (Hawley 1985) for contaminants in general <6% for adJiu? 

mUi*? i* I®?* Ture used in the risk assessment. This factor was multiplied in the model by the flux of water across the skin 
to account for a smaller fraction of arsenic passing from the 
water through the skin and into the bloodstream. A cancer 
potency factor of 1.8 <mg/kg/day)-l the cancer nsksfor 
direct contact with water are 6 x 10"5 and 8 x 10"7 for the 

i Cave in-6 m°S^ p,robable _c7ase in the Blackwater Branch; and 
K ii . and 3 X 10 7 for the worst case and most 

probable case in the upper Maurice River (Appendix E, Table E-13 through Table E-16). 

For TCE, the cancer risk from dermal absorption is 1 x 10-3 
using the worst case mathematical model and assuming all TCE 
passes through the skin with water. Thus, as was the case with 
sediment ingestion, over 99% of the total risk from direct 
contact is due to arsenic exposure. While the worst case cancer 
risk fr°m direct contact with stream water exceeds the 
acceptable level of 1 x 10~6 for the Blackwater Branch, risks 
or the most probable case are below this level for both the 
Blackwater Branch and the upper Maurice River. 
6.1.1.4.5 Inhalation of Soil/Former Stream Sediment 

As discussed in Subsection 6.1.1.2.8, chemical analysis of the 
FR • i" 4- «.u0d region in Blackwater Branch (at station 
arspni-r indlTcates that thls area is probably contaminated with 
arsenic. This area was under water previously but is now 
exposed since the beaver dam was removed. At present, the area 
oeriods \nh C°Vere,d WSth vegetation" However! during drought 
anJ • V i 5eS»f surflcial soils may be dried and entrained in air 

hf people. In this risk assessment, it is assumed 
Mmo I"9 occurs for 5 years out of an individual's life
time- Thus, a simple adult model can be used to calculate the 
site-specific intake of arsenic via inhalation (see Table 6-6). 
For the most probable case, a respiratory volume of 12,8 m3/ 
ay was used. This corresponds to 16 hours/day exposure (assumed 
nSVf day in ae "clean" indoor environment or co^ut"^ 

90* at "rest" and 10% at moderate activity as 
defined by EPA s Exposure Assessment Manual. The worst case 
scenario assumes 24 hours/day exposure; 60% at "rest 35% at 
moderate activity and 5% at heavy activity. This corresponds to 

heavily exposed individual who lives and works near the expose 
sediment and has an outdoor job requiring moderate activity. 

level^f afnrnChen^°f direct measurements of airborne particular 
-5 • worst case and most probable case exposur< 

conditions, it is assumed that the total airborne partiSIlSt! 
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level near the river would be 0.017 mg/m3, corresponding to a 
representative rural ambient airborne particulate concentration. 
It is also assumed that about 10% of the dust in the air is from 
the arsenic contaminated sediment. In addition, the percent 
absorption of inhaled arsenic is assumed to be 30% (USEPA, 1984) 
for the most probable case, and 80% for the worst case (Holland et al. 1959). 

The cancer risk calculated, using a maximum arsenic 
C0I^rf r i°n of 3760 mg/kq, worst case exposure conditions, and 
a CPF of 50 (mg/kg/day) for inhalation, is 1 x 10~5. The 
risk is 8 x 10-B when the median arsenic concentration and the 
most probable exposure conditions are used. 
6.1.1.5 Summary of Risk Estimates 

This section summarizes the potential public health effects from 
chronic exposure to contaminants found in the Blackwater Branch 
and the upper Maurice River. Cancer risks obtained from the 
various exposure pathways are presented in Tables 6-9 through 
6~11- In addition, hazard indices for non-carcinogens are 
presented in Tables 6-12 and 6-13. 

For all of the pathways, arsenic exposure accounts for over 99% 
°fwlthe total cancer risks. Thus, the total risk numbers in the 

Zeiuare given only for arsenic exposures. If it is assumed 
that the same population receives exposure by all of the routes 
analyzed, the total environmental lifetime cancer risk for the 
worst case exposure scenario in the Blackwater Branch is 5 x 
10 . Using the most-probable exposure scenario, the total 
cancer risk calculated for the Blackwater Branch is 5 x 10"^. 
In both scenarios, ingestion exposures account for over 97% of 
the total risk, with the ingestion of water accounting for 
somewhat more (60%) of the total risks than sediment (38%). 
Risks from fish consumption are not calculated for the 
Blackwater Branch because it is believed that this waterway is 
too shallow to support significant sport fishing. 

Cancer risks calculated for exposures in the upper Maurice River 
are given in Table 6-10. Again, assuming the same population is 
exposed via all routes of exposure, the worst-case cancer risk 
(calculated using the highest measured water and sediment concen
trations of arsenic) is 1 x 10-3. Again, the ingestion path
ways dominate. Ingestion of sediment accounts for 35.4% of the 

5'5% and fish 59-3%- FiAsh ingestion alone is 
associated with a cancer risk of 8 x 10~4, and if fish inges
tion is discounted, the remaining pathways are associated with a total cancer risk of 6 x 10-4. 
Using the most probable exposure assumptions and median sediment < 

and surface water concentrations in the upper Maurice River, the 
total cancer risk, including the contribution of fish ingestion, 
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TABLE 6-9 
SUMMARY (IF CANCER RISKS FROM EXPOSURE PATHWAYS IN Bl AfKWATER BRANCH 

INGESTION 

Ch I u> 
o 

Bottom 
Sediment 

2 x 10-3 
38.1% 

Worst Case 
Cancer risk 
Percent of 
Total 
Exposure3 

Most Probable Case^ 
Cancer risk 2 x 10~8 

Percent of 37.4% 
Total 
Exposure3 

Stream 
Water 

3 x 10-3 
60% 

3 x 10"5 
60.2% 

DIRECT CONTACT1 INHALATION2 

Total 
Ingestion Stream 

Water Exposed 
Sediment 

5 x 10-3 
98.1% 

5 x 10-5 
97.5% 

6 x 10~5 
1.15% 

8 x 10-7 
1.5% 

1 x 10-5 
0.19% 

8 x 10-8 
0.14% 

TOTAL CANCER 
RISK FROM ALL 
EXPOSURE 
PATHWAYS 

5 x 10-3 
100% 

5 x 10-5 
100% 

1 These risks reflect a 70-year chronic exposure to Blackwater Branch. 
2 This risk is calculated assuming drought conditions for 5 years. 
3 The percentage of total exposure are calculated before cancer risks are rounded to 1 significant figure. 
4 Sediment As conc. - 3760 mg/kg; water As conc. - 6200 ug/1 
3 Sediment As conc. - 229 mg/kg; water As conc. - 361 ug/1 
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TABLE 6-10 
SUMMARY QF CANCER RISKS FROM EXPOSURE PATHWAYS IN UPPER MAURICE RIVFR 

INGESTION DIRECT CONTACT 

CTi I u> 

Worst Case4 
Cancer Risk 

Bottom 
Sediment 

5 x 10-4 

Percent of 
Total 35.4* 
Exposure'3 

Most Probable Case5 

Cancer Risk 6 x 10~6 

Percent of 
Total 4.1% 
Exposure3 

Stream 
Water 

8 x 10-5 

5.5% 

1 x 10-5 

7.4% 

Fish 

8 x 10~4 

59.3% 

1 x 10~4 

88.5% 

Total 
Ingestion Stream 

Water 

1 x 10 

100% 

1 x 10" 

100% 

-3 1 x 10" 

0.11% 

3 x 10-7 

0.18% 

TOTAL CANCER 
RISK FROM ALL 
EXPOSURE PATHWAYS 

1 x 10 

100% 

-3 

1x10 

100% 

-4 

These risks reflect a 70-year chronic exposure to Upper Maurice River. 
2 This risk is calculated from arsenic concentration in fish tissue. 
3 The percentage of total exposure are calculated before cancer risks are rounded to 1 significant figure. 
4 Sediment As conc. - 922 mg/kg; water As conc. - 150 ug/1 
5 Sediment As conc. - 70.8 mg/kg; water As conc. - 124 ug/1 
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TABLE 6-11 
SUMMARY QF CANCER RISKS FROM MAJOR EXPOSURF PATHWAYS AT ALMOND ROAD BFAFH 

ITl I 
U> N) 

Worst Case 
Cancer Risk 
Percent of 
Total Exposure^ 

Most Probable Casp 
Cancer Risk 
Percent of 
Total Exposure^ 

SEPEhENT 
I N G E S T I O N  

BOTTOM SFOTMFNT 

2 x 10~5 

25.9% 

1 x 10-6 
14.2% 

STREAM WATER 

5 x 10-5 

72.5% 

8 x 10~6 
83.5% 

DIRECT CONTACT 
STREAM WATER 

9 x 10-7 

1.4% 

2 x 10~7 
2 . 1 %  

TOTAL CANCER RISK FROM 
ALL EXPOSURE PATHWAYS 

7 x 10-5 

100% 

9 x 10-6 
100% 

1. These risks reflect a 70 year chronic exposure to Upper Maurice River. 
2. The percentage of total exposure are calculated before cancer risks are rounded to 1 significant figure. 
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TABLE 6-12 

SUMMARY OF W3RST CASE CHRONIC HAZARD INDICES FROM EXPOSURE TO NON-CARCINOGENS 
IN BLACKWATER BRANCH 

INGESTION DIRECT CONTACT 

Sediment 
Stream 
Water 

Stream 
Water 

Mercury CDI1 6.1 x 10~8 1.0 x 10"6 

AI (1.4 x 10"3)2 (3.0 x 10-4)4 

3.3 x 10~3 CDI/AI 4.4 X 10~5 
(Hazard Index) 

Lead CDI 

AI* 

4.3 x 10~4 

1.4 x 10"3 

CDI/AI 0.3 
(Hazard Index) 

NA 

NA 

NA 

1.7 x 10~8 

(3.0 x 10-4)4 

5.7 x 10~5 

NA 

NA 

NA 

CUMULATIVE 
"INTAKE FROM 
MULTIPLE 
EXPOSURES 

1.1 X 10"6 

3.3 X 10-3 

4.3 x 10"4 

0.3 

1. CDI 

2. AI 

3. 

4. AI 

chronic intake rate (mg/kg/day) for the exposure pathway 
listed °n ̂  1113x111111111 eventration found in the particular matrix 

coSû s? Chr°nic intake rate (mgAg/day) for inorganic mercury and 

This acceptable chronic intake rate is for inorganic lead and compounds. 

Acceptable chronic intake (mg/kg/day) for alkyl mercury and compounds. 

< M z 
o o 
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TABLE 6-13 

SUMMARY QF WOR$T CASE CHRONIC HAZARD INDICES FROM EXPOSURE TO NON-CARCINOGFNS 
IN UPPER MAURICE RIVER 

INGESTION DIRECT CONTACT 

Sediment 
Mercury CDI1 4.3 x 10 
AI 

i-7 

(1.4 x 10-3)2 

CDI/AI 3.1 x 10"4 
(Hazard Index) 
Endosulfan CDI 5.9 x 10-8 
sulfate4 

AI 
CDI/AI 
(Hazard Index) 

5.0 x 10~5 

1.2 x 10"3 

Stream 
Water Fi sh Stream 

Water 
6.4 x 10-7 

(3.0 x 10™4)3 

2.1 x 10-3 

NA 

NA 
NA 

3.6 x 10~3 
(3.0 x 10~4)3 
12 

NA 

NA 
NA 

1.1 x 10-8 

(1.4 x 10-3)2 

7.9 x 10-6 

NA 

NA 
NA 

CUMULATIVE 
INTAKE FROM 
MULTIPLE EXPOSURES 
3.6 x 10-3 

12 

5.9 x 10" 

1.2 x 10-3 

1. CDI -

2. AI -
3. AI -
4. AI -

Site^specific chronic intake rate (mg/kg/day) for the exposure pathway listed based on the maximum concentration found in the particular matrix listed. 
Acceptable chronic intake (mg/kg/day) for inorganic mercury and compounds. 
Acceptable chronic intake (mg/kg/day) for alkyl mercury and compounds. 

establtshed'for"endosuffan(si?Hatef^ End°Su1fan is used since there 1s acceptable intake 
NA - Not applicable. The chemical parameter was not detected within the stream water. 

frZ.Z.0 300 NIA 
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i? iv,X ^°4.4i In this case, fish ingestion accounts for 88 5% of the total cancer risk. if fish ingestion is omitted, the 
total cancer risk for this scenario is 2 x 10-5. ' the 

Total cancer risks calculated for most probable exposures at 
?J-6nd(seeaTablenfi.a,,rrk^ ̂  UPPec "aurice Rivlr! are % " 
accounting for 83.5% of the total ean"r tisks. ln9estlon Pathway 

BoJuacK„°anJr\Cranch1Sakre XeH^ 
ratios greater" then^? Opollutants are associated with CDIrAIC 
usina the hinho^ ' ®.Ven Whe.n exP°sures are calculated 
exposure assumptions. ̂ This^indicftL^tha^liere^s li?"e basis 
mo°srt Co°fnCtehe pfo0iriuta0ntsCanCer ""h "o 

Is'ltrLi" ttian 0^10^'^ lO-^or'^oU^L?/1""S 
Iron Touting f ffh^The ̂rst ca°se CDI-a£ rauf V" 
iSSliS- ^ 
^®^^°"®^^1(^uean^py^Beirr^hi^he^r0rbody EWEIGHTdreiThendCDD*JA^F^ra^lo 
h>;°e- ̂ tbi^ta a jnLt^ -& 
mercury risk calculations are not based on measurements nf 

blsed^he \fioconcent'ration ̂ ac^or^ f™ 

6.1.1.6 Uncertainty in Risk Estimates 

to6 s^^irrent^surf ace° w^^t^and6 biota*^65 i* £" axpoaure 

6.1.1.6.1 Sampling and Analytical Error 

L&EC4̂  ̂
aather a s s o c i a t®d with the procedures employed to select and 

< 
H a 
o 
o 
to 

o 
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characterize concentrations in the media of concern, and whether 
the samples collected are collected in a manner, and at loca
tions, which are representative of the areas being characterized. 
In this regard, it must be recognized that the area beinn 
characterized in this analysis is quite large (over 10 miles of 
water course altogether) and that, except for arsenic in Udi-
ment and water, the number of analyses is quite limited it is 
thus very difficult to develop a statistically reliablechara" 
hh^n 10n • -the levels and variability of the pollutants other 
i?m!\-^rSeniK in } Maurice River and Blackwater Branch. The 
limited number of samples for the other pollutants means that 
the uncertainty associated with estimates of both the median and 
maximum pollutant levels other than arsenic is quite large 
There is, however, no reason to suspect that the samplinq 
locations or methods are such as to introduce any systematic 
bias into the estimates of total pollutant levels. 

The chemical analyses performed and used in the risk assp<?«5m»n«-
were done under the Contract Laboratory Program (CLP) This 
program ensures that samples undergo a complete aeries of 
laboratn COntr°11 Peasures in a certified laboratory. After 
laboratory analysis was completed, data were fully validated 
rfinVirl90r0,US quality contro1 measures to ensure the 
confidence^n the dataeSUltS' Th6Se measures provide additional 

iLrr9!ndS.ht0 arsenic and mercury, the lack of data concerning 
ionic and chemical speciation also needs to be addressed in anv 
™n^T°?-°f "nfertainty- For both of thaaa metals? only total 
beloTtoth°of tla Don fava"able- As »in b® discussed further 
soeciM In L, "I'5 Can exi5t in mote than one chemical species in the environment, and these species differ in both 
their environmental fate and their toxicologic properties 
sing the total arsenic and mercury analyses, therefore' 

uncertaintv-3 into assumptions about speciation which introduces uncertainty into the assessment. 

6.1.1.6.2 Uncertainty in Exposure and Dose Assessment Model 

w2rethmadeanausYfno' mô mateSa°£ Pollutant exposures and doses were maae using models and assumptions which flospr;KQ 
environmental fate and distribution of contaminants the 
interactions toi"'"1 contaminant receptors, and the biological nteractions between contaminated media and receptors result-inn 
in contaminant uptake. For the sediment and surfacl iaJe? 

?? ' eiP°sure point concentrations were estimated directlv " 
from the analytical data, and therefore depend heavily uoon the 
quality and representativeness of that data and the nithSds used 
^heseU,aSa^"h themK £or bbe «P°sure assessment. The quality o? 
™ri« fh. Ltae? discussed above, and the methods used ?o 
s. Aj % f data (maximum and median values) are appropriate 
to the development of worst case and representative pJtlSUn? 

N 
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levels where the distribution of the data is not well-charac
terized, but expected to be positively skewed from a Gaussian distribution. 

For the fish ingestion pathway, exposure point concentrations 
were estimated using two methods; directly from a small number of 
biota sampling results, and from surface water analyses usina 
bioconcentration factors (BCFs). Both of these approaches 
involve uncertainty; the former associated with analytical error, 
the latter associated with the modeling process and with the 
sel®cti°n tlie .sPecific parameter values chosen. The former 
method is uncertain to the extent that the measured values of 
pollutants in the sampled species are not representative of the 
levels actually present in species actually consumed in areas 
where they are most often caught. The extent of this uncertainty 
cannot be accurately assessed but, again, the sample size is 
quite small. The use of the BCFs introduces another level of 
uncertainty into the exposure estimates. For arsenic, the one 
pollutant for which both biota and water concentration data are 
available, the two methods agree to within approximately one 
order of magnitude. This difference may be taken as an approxi
mate indication of the expected level of agreement between 
measured and estimated pollutant levels in fish tissue. How
ever, there is no guarantee that this relationship would hold 

P°^utan^s other than arsenic. it does suggest however, 
that the exposure estimates for the other pollutants in fish 
which were also estimated using BCFs, cannot be expected to be 
more reliable than within a factor of 10. This is of special 
significance for the interpretation of the CDI:ADI ratio for 
v?^rKU^y bY fi®h ingestion by adults (4.8), which cannot, with a 
high degree of certainty, be said to either exceed or be less than 1.0. 

Other factors which introduce uncertainty into the exposure 
" ™Jes include behavioral assumptions (days spent swimming, 
hours/day exposed, fish consumed, etc.), exposure-related 
factors (skin deposition of pollutants, soil ingestion, etc.) 
and intake factors (matrix-specific bioavailability, dermal and 
gastrointestinal absorption factors). In many cases, it is 
difficult to judge the direction or magnitude of the bias that 
may be^. introduced into dose estimates by specific models using a 
parameter value selected. On the whole, however, it is probable 
that the overall effect of the analytical assumptions made is 

aeroy i -°u "conservative", that is, values are chosen 
rfikl! Th llk?*y somewhat overstate rather than understate 
risks. The rationale for this approach is to allow a relatively 
high degree of certainty that the "worst case" exposure scenario 
actually represents a plausible upper-bound on exposures and risks. 
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6.1.1.6.3 Uncertainty in Toxicological Models and Parameters 

^hS4-u inalJ s.ource of Potential uncertainty in the risk estimate 
is the models used to characterize the toxicologic properties of 
mSL,1? H ?r ?he!Tic?ls- Throughout this analylis, EPA^app^oved 

K A toxicologic parameters (RfDs and CPFs) have been used 
JL carcin°9enic and non-carcinogenic effects In both 

cases there are uncertainties built into the ana?ys« by virtSe 
parametersS.SUmP US6d t0 define the models and derive the 

The carcinogenic risk model used assumes a linear non-threshold 
7?del °f,CanCer induction' which takes as its slope mS 
the CPF derived as the upper 95% confidence limit of the dose-
response slope derived using data from specific animaf or 
a?«neI10i°9tC KtU»ieS °f cancer induction. As such, the value 
lso tends to be "conservative", giving an upper estimate of the 
leinSlTHPa,rrter- In the case of arsenic, the d™a used £o 

onnniSf- • S • 1S derived from an epidemiologic study of a 
d?iSkinX°nwa1te7aiWa«;n- exp0Sed to Primarily pentavalent arsenic in 

• • water' Since no speciation data is available for 
®"enr11c ln any of the media sampled in this investigation, it is 
£ J tlr h°W closely ^e speciation is similar to that f« 

which the CPF was derived, although for comparatively well-
^enoa e hSUCfaCe .water, it may be assumed that a large propor
tion of the arsenic was also in the pentavalent state. The 
largest uncertainty introduced into the cancer risk assessment 
a°substantialSbod F°nsumPtion pathway, because there is 
of ° 2? at su9gests that a large proportion 

arsenic present in fish tissue is present as an organoarsenic 
compound, arsenobetaine (see Subsection 6.1.1.4.3) which is 
rapidly excreted by humans and is thought to be much l£ss toxic 
t h a n  i n o r g a n i c  a r s e n i c  c o m p o u n d s .  I t  i s  t h u s  q u i t e  !  ke y  J  
the risks calculated for the fish ingestion pathway for aLeSic 
are considerably higher than those which would be calculated if 
concentration and toxicity data were available for the precise 
can:rJeSrSent< The ma9nitUde 0f this potential bias 

to acceptable chronic intake values (AICs), with CDI MC val^s 
exceeding 1.0 being indicative of potential health effects All 
the AIC values used in this analysis are RfDs (reference doses) 
derived by EPA using uncertainty factors applied to "hi res"?,! 
Levels (NOAELS)""1?? itUdltS »ahlCh demonstrate No Adverse Effects 
net effect nfiho LoMe?t Adverse Effect Levels (LOAELS). The 
servatism^ the n?n ° uncertainty factors tends towards con-servatism, the RfDs represent values below which averaqe dailv 
doses are very unlikely to have an adverse affect on even thX 

sensitive population; they do not necessarily represent 
doses above which adverse effects will definitely be seeS? 
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F o r  b o t h  c a r c i n o g e n i c  a n d  n o n - c a r c i n o g e n i c  e f f e c t s ,  t h e  a s s u m p 

t i o n  o f  m u l t i p l e  p a t h w a y s  a n d  m u l t i p l e  p o l l u t a n t  a d d i t i v i t y  o f  

e f f e c t s  i s  m a d e  i n  t h i s  a n a l y s i s .  T h e  m u l t i p a t h w a y  a s s u m p t i o n  

h a s  a  f i r m  b a s i s  i n  t h e o r y ;  t h e  r i s k  a s s o c i a t e d  w i t h  e x p o s u r e  t o  

a  s p e c i f i c  p o l l u t a n t  s h o u l d  d e p e n d  u p o n  t h e  t o t a l  d o s e  r e a c h i n g  

t h e  b l o o d s t r e a m ,  i n d e p e n d e n t  o f  t h e  r o u t e  o f  a d m i n i s t r a t i o n ,  

u n l e s s  t h e r e  i s  s o m e  s p e c i a l  c o n s i d e r a t i o n  r e g a r d in g  a b s o r p t i o n ^  

d i s p o s i t i o n ,  o r  m e t a b o l i s m ,  t h a t  d e t e r m i n e s  o t h e r w i s e .  W h e r e  

s u c h  f a c t o r s  e x i s t  t h e y  c a n  b e  t a k e n  i n t o  a c c o u n t  ( a s  i s  d o n e  i n  

t h i s  a n a l y s i s  f o r  i n g e s t e d  v s .  i n h a l e d  a r s e n i c ) .  

T h e  a s s u m p t i o n  o f  a d d i t i v i t y  f o r  m u l t i p l e  p o l l u t a n t  e x p o s u r e s  i s  

l e s s  f i r m l y  s u p p o r t e d  b y  t h e o r y  f o r  b o t h  c a r c i n o g e n i c  a n d  n o n -

c a r c i n o g e n i c  e f f e c t s .  H o w e v e r ,  t h i s  a s s u m p t i o n  i s  n o t  l i k e l y  t o  

h a v e  a  s i g n i f i c a n t  i m p a c t  s i n c e  f o r  e s s e n t i a l l y  a l l  o f  t h e  r o u t e s  

o f  e x p o s u r e ,  t h e  t o t a l  r i s k s  a r e  d o m i n a t e d  b y  o n e  p o l l u t a n t  
( a r s e n i c ) .  

6 . 1 . 1 . 6 . 4  S u m m a r y  o f  U n c e r t a i n t y  

T h e  q u a n t i t a t i v e  e s t i m a t e s  o f  r i s k  a r e  l i k e l y  t o  b e  q u i t e  

u n c e r t a i n ,  s i n c e  t h e i r  d e r i v a t io n  i n v o l v e s  t h e  i n t e r p r e t a t i o n  o f  

i n h e r e n t l y  u n c e r t a i n  a n a l y t i c a l  d a t a ,  a n d  t h e  u s e  o f  i m p r e c i s e  

m o d e l s  t o  a s s e s s  p o l l u t a n t  e x p o s u r e s ,  d o s e s ,  a n d  h e a l t h  r i s k s  

I t  d o e s  n o t  a p p e a r  t h a t  t h e  u s e  o f  t h e  a n a l y t i c a l  d a t a  i n t r o 

d u c e s  a n y  s y s t e m a t i c  b i a s  i n t o  t h e  a n a l y s i s  ( e x c e p t  p o s s i b l y  

o w i n g  t o  t h e  l a c k  o f  s p e c i a t i o n  d a t a ) .  H o w e v e r ,  i t  i s  l i k e l y  

t h a t  b o t h  t h e  e x p o s u r e  a n d  t o x i c o l o g i c  m o d e l s  p r o v i d e  s o m e w h a t  

c o n s e r v a t i v e  e s t i m a t e s  o f  r i s k .  T h e  e x t e n t  o f  t h i s  c o n s e r v a 

t i s m  a n d  o f  t h e  t o t a l  u n c e r t a i n t y  i n h e r e n t  i n  t h e  r i s k  e s t i m a t e s  

c a n n o t  b e  a s s e s s e d  q u a n t i t a t i v e l y ,  b u t  i t  w o u l d  a p p e a r  t h a t  t o  

c l a i m  a n y  g r e a t e r  a c c u r a c y  f o r  t h e s e  e s t i m a t e s  t h a n  p l u s - o r -

m i n u s  o n e  o r d e r  o f  m a g n i t u d e  w o u l d  n o t  b e  j u s t i f i e d ,  b a s e d  o n  

t h e  a v a i l a b l e  i n f o r m a t i o n .  

6 . 2  P U B L I C  H E A L T H  E V A L U A T I O N  -  M A U R I C E  R I V E R  S O U T H  O F  U N I O N  L A K E  

I n  t h i s  s e c t i o n ,  a  q u a l i t a t i v e  p u b l i c  h e a l t h  r i s k  a s s e s s m e n t  f o r  

t h e  l o w e r  M a u r i c e  R i v e r  w a s  p e r f o r m e d .  T h e  o b j e c t i v e  o f  t h e  

a s s e s s m e n t  w a s  t o  d e t e r m i n e  i f  a n  a c t u a l  o r  p o t e n t i a l  p u b l i c  

h e a l t h  t h r e a t  e x i s t e d  d u e  t o  s i t e  c o n t a m i n a t i o n  o r  o f f - s i t e  

m i g r a t i o n .  D a t a  c o l l e c t e d  f r o m  s u r f a c e  s e d i m e n t ,  w a t e r ,  a n d  

a q u a t i c  b i o t a  d u r i n g  E b a s c o ' s  P h a s e  I I  s a m p l i n g  e f f o r t s  w e r e  
US6Q • 

6.2.1 Risk Assessment Methodolnny 

T h e  m e t h o d o l o g y  f o r  t h e  q u a l i t a t i v e  a s s e s s m e n t  i n v o l v e d  t h e  
f o l l o w i n g  s t e p s .  F i r s t ,  t h e  c o n t a m i n a n t s  o f  c o n c e r n  i n  t h e  <  

l o w e r  M a u r i c e  R i v e r  w e r e  i d e n t i f i e d  b y  c o m p a r i n g  m e a s u r e d  3  

c o n t a m i n a n t  c o n c e n t r a t i o n s  w i t h  b a c k g r o u n d  l e v e l s  a n d  e x i s t i n g  

h e a l t h  c r i t e r i a .  S e c o n d ,  t h e  p o t e n t i a l  e x p o s u r e  p a t h w a y s  a n d  2  

t h e  r e c e p t o r s  a t  r i s k  w e r e  d e f i n e d .  A s s u m i n g  t h a t  t h e  e x p o s u r e  ^  
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scenarios are similar for upper and lower Maurice River, the 
measured contaminant concentration for a specific matrix in the 
lower Maurice River can be compared to the concentrations 
derived for a specific pathway in the upper Maurice River (Table 
6-14) which are associated with specific risk levels. Thus 
decisions can be made as to any adverse health effects posed to 
the receptor population in the rivers study area. 
6.2.1.1 Chemical Contaminants of Concern 

Chemical analyses of matrices collected from the lower Maurice 
River include total arsenic and iron content in surface sedi
ments, HSL inorganics and dissolved arsenic in water samples, as 
well as total arsenic in biota samples. Results of these 
analyses indicate that arsenic is the only contaminant of 
concern. Arsenic was found in all sediment samples above the 
background level of less than 2 mg/kg (Table 6-15), with a 
maximum concentration of 234 mg/kg at station ER-22. Arsenic 
was also present in all water samples. The maximum arsenic 
concentrations detected was 91 ug/1 (at Station ER-21), and a 
rnC^r0Und level (less than 10 ug/1) was approached at station 
ER-44. Another contaminant, chromium, was found in 7 out of 17 
samples, with a range of undetected to 56 ug/1. Although the 
maximum chromium concentration was above the usual range of 1 to 
lu U^r1~in.U'S' river waters (USEPA, 1984b), it does not exceed 
the MCLG of 0.12 mg/1 for total chromium (VI) and chromium (III) 
in drinking water (Chromium was measured as total chromium in 
Ebasco's Phase II sampling effort). In addition, even if the 
worst case assumption is made that all the chromium detected was 
chromium (VI), the acceptable intake rate of chromium (VI) would 
be quite high (0.005 mg/kg/day), (Table 6-16). An adult of 70 
kg would have to ingest more than two liters of water a day in 
Lower Maurice River to reach this limit. Thus, chromium should 
not be a health concern. Other chemicals found include lead 
which was detected within background levels; and antimony, which 
was detected in 3 out of 16 samples, but the maximum concentra
tion was below the ambient Water Quality Criteria of 146 ug/1. 
Mercury, which was present in the upper Maurice River, was not 
found in the lower Maurice River. 
6.2.1.2 Toxicity Assessment 

The toxicity evaluation of arsenic was summarized in Appendix H. 
In addition, critical toxicity values associated with contami
nants along the lower Maurice River is presented in Table 6-16. 
6.2.1.3 Exposure Assessment 

Based on the environmental characteristics of the lower Maurice 
River and information relating to possible activities of 
receptor populations, the following exposure pathways were 
initially considered to be of potential significance. 
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TABLE 6-14 
A C C E P T A B L E  A R S E N I C  C O N C E N T R A T I O N S  T N  SEDTMFMTR FDP 
SEDIMENT EXPOSURE PATHWAYS IN BLACKWATER BRANCH 

AND UPPER MAURICE PTVRP 

S E D I M E N T  

E X P O S U R E  P A T H W A Y S  

Ingestion of bottom 
sediment (worst case) 

Ingestion of bottom 
sediment (most probable 
case) 

A C C E P T A B L E  A R S E N I C  C O N 

C E N T R A T I O N  I N  

S E D I M E N T  

(ma/kg) 

2 

12 

N . J . S O I L  

C L E A N U P  

O B J E C T I V E  

( m a / k g 1 )  

20 

20 

1 l^^lO-? sediment concentrations are based on risk of 
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TABLE 6-15 
WATER QUALITY REGULATORY CRITERIA FOR CONTAMINANTS IN LOWER MAURICE RIVFR 

Chemi cal 
Arseni c 
Chromi um 
Lead 
Antimony 

Safe Drink
ing Water 
Act MCLs (uo/1) 
50 
50 
50 

Clean Water Act (friteria 
for Human Health 
Aquatic Organisms Adjusted for Drink-
and Drinking Water ing Water Only 

tug/1) (uo/1) 
0(2.2 ng/1) 
50 (Cr VI) 
50 
146 

(25 ng/1) 
50 (Cr VI) 
50 
146 

U = Undected 
N.A. - Not applicable. These parameters were not measured. 

New Jersey Water 
Standard Surface 
Water Quality for 
FW2 Water 

(uo/1) 
50 
50 
50 

Lower Maurice River2 
Frequency of Sediment 

Range 

9.2-234(26) 
N.A. 
N.A. 
N.A. 

1 .  The rnnr!injr2f4'nlue'iwhic^ is "r° for a11. P°tential carcinogens, is listed for all chemicals in the table, concentration value given in parenthesis for potential carcinogens corresponds to a risk of 10~°. 
2. Based on Ebasco Phase II samples 

Occurrence 
in Sediment 
Samp!es 

16/16 

N.A. 
N.A. 
N.A 

Frequency of 
Surface Occurrence 
Water Range in Water 
(UQ/11(Median 1 Samples 
2.7-91(21.5) 
U-56(48) 
U—10(6.3) 
U-38(26) 

16/16 

7/17 
7/17 
3/17 

28Z.0 200 NIA 



TABLE 6-16 
CRITICAL TOXICITY VALUES FOR CONTAMINANTS IN LOWER MAURICE RIVER1 

CHEMICAL ORAL ROUTE 

Arseni c 

Chromi urn2 

Subchroni c 
(AIS) 

Rig/kg/day 

2.50E-02 

Acceptable Intake 
Chroni c 
(AIC) 
mg/kg/day Source 

5.00E-03 

Cancer 
Potency 
Factor 

(mg/kg/day)-1 

1.8E+02 

Source 

CAG 

EPA 
Weight 
of 4 

Evidence 

HEA 

Inhalation Route 
Arseni c 5.00E+01 HEA 

Ol I 
VFE. 
CO 

haken from USEPA, OSWER Dir 9285, 4-1, update Nov 16, 1987. 

2morefconservati"ve°abs0li"uteerisk ftnear^el^ "9 " mu1tista9e m°del to the cancer initiation rather than using the 

Intake is for Chromium VI and compounds. 
4Alphanumerics represent EPA Weight of Evidence classifications, defined as follows: 
Group A - Human carcinogen. Sufficient evidence from epidemeologic studies to support a casual association between exposure and cancer 

HEA = n«rPAh rEfe^tS f"en!'!,ent,S2fUII,enj PrePared by the Environmental Criteria and Assessment Office, USEPA, Cincinnati, Ohio, 1985 (Updated in May, 1986). 
CAG = Carcinogen Assessment Group, EPA 
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o Ingestion of soil/river sediment 
o Ingestion of river water 
o Direct contact with river water 
o Direct contact with soil/river sediments 
o Ingestion of fish/shellfish 
o Ingestion of gamebirds/waterfowl 

These pathways were evaluated with site-specific data to 
determine if chronic intake of arsenic via these routes could 
cause adverse public health effects. 

6.2.1.3.1 Ingestion of Soil/River Sediment 

The lower Maurice River is used by local residents for recrea
tional activities such as boating, swimming and fishing. Since 
the lower Maurice River is much deeper and wider than upstream 
locations, the river bottom sediment cannot as easily be 
contacted directly during these activities. 

From Table 6-14, the sediment concentration corresponding to a 
most probable case risk of 1x10-6 for ingestion of sediment in 
the upper Maurice River is 12 mg/kg. However, risks estimated 
by the same mathematical model used in the upper Maurice River 
would probably be over-estimated because the incidental sediment 
ingestion rate for all populations should be at least 10 times 
lower, as the water level is much deeper in the lower Maurice 
*VSir\ n-TshUS/' the sediment concentration associated with a risk 

of 1x10 (120 mg/kg) may be a more appropriate criterion. 
Since only two out of the 16 detected arsenic concentrations in 
the sediment exceeded this value (234 mg/kg and 136 mg/kg, 
respectively), ingestion of river sediment in the lower Maurice 
River should have no significant health impacts. 

6.2.1.3.2 Ingestion of River Water 

The water in the lower Maurice River is not used as a drinking 
water supply. However, inadvertent ingestion of river water 
during recreational activities has to be considered since this 
wh W3S d *-° b® significant in the upper Maurice River, 
fn ?h MrfeaSfUrcen water concentrations of arsenic were compared 
to the. MCL of 50 ug/1, 6 out of 16 water samples exceeded this 
value. The maximum arsenic concentration was 91 ug/1 (at ER-21) 
and the median concentration was 21 ug/1, which is below the 
MCL. Using the mathematical model from the upper Maurice River 
the maximum arsenic concentration corresponds to a worst case 
co??einnni« <-°f 5 * } ' whereas the median concentration corresponds to a most probable risk of 2 x 10-6. As a 
reference, the MCL of 50 ug/1 has an associated most probable 
cancer risk of 4 x 10-6 by this pathway. 

Downstream from station ER-29, the arsenic concentrations in 
of riv»erre V°W the MCL- Thus' uhile occidental ingestion ° 
of river water from upstream of station ER-29 in the lower 

< H Z 
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Maurice River may have a slightly increased cancer risk, inges
tion of water downstream from this station should have no adverse 
health impact from arsenic. it must be recalled, however, that 
the very lowest portions of the Maurice River are subject to saline intrusions from the tides. 

6.2.1.3.3 Direct Contact with River Water 

c°ntact ™lth. river water can occur during swimming and 
other water sports in the lower Maurice River. The contaminants 
in the water can be absorbed through the skin and exert their 
systemic effect in the body. However, arsenic intake via this 
exposure pathway has been determined to pose no health risk in 
MonU?f6irt;JIaUr/fe-RlVe5' whic.h has a maximum arsenic concentra
tion of 150 ug/1 in water. Since the maximum arsenic concentra-
tion i" the lower Maurice River is only 91 ug/1, exposure to 
arsenic via this route should have no significant health impact. 
6.2.1.3.4 Direct Contact with River Sediment 

Resuspended sediment in water can be deposited on the body 
surface after recreational activities in the river. Some of the 
contaminants in the sediment can be adsorbed through the skin. 
owever, arsenic intake via this pathway was not quantitatively 
modi? a1" * .upper Maurice River due to lack of adequate 
cannot be evaluated"! S ln tMS StUay "ea ala° 

6.2.1.3.5 Ingestion of Fish/Shellfish 

Fishing and crabbing are widespread in the lower Maurice River 
vicinity. The Heislerville Fish and Wildlife Management Area 
which is dedicated to fishing, hunting and wildlile preserval 

in this Study area' In addition, the tower 
Maurice River is a major oyster setting bed Tn New Jersey the 
treaer'Thn<fg5Qgtrf?a vir<*»»ca supports a major industry in the 
area. Thus, a receptor population can be exposed to arsenic via 
the ingestion of fish and shellfish collected in th?s area 

measured as total arsenic, was not detected in the 2 
fish samples collected, but was found in the 4 crab and oyster 
amples, with concentrations ranging from 1.2 to 1.6 mg/kg. 

However, crustaceans often contain naturally high concentrations 
arSe"iC <USEPA' 1984a>- The concentration range S' 

arsenic measured is actually close to the range of mean values 
?ablerTi? lnMfln fiSh ana shell£i=h <0.07-1.47 mg/kg) see 
Table 6-8). Moreover, as discussed in Subsection 6.1 14 3 
greater than 85% of arsenic in fish and shellfish is in the form 

water-soluble organic compound, arsenobetaine, which ha*-
Hs'h and »,i, BaSahd °? 311 this information^ ingestion o 
aignif "cant health concerlf. l0"eI M3Uri°e *iver Should be of » 

O O S3 
O 
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6 . 2 . 1 . 3 . 6  I n g e s t i o n  o f  V e g e t a b l e s  a n d / o r  F o r a g e  C r o p s  

T h e  w a t e r  i n  t h e  l o w e r  M a u r i c e  R i v e r  i s  n o t  k n o w n  t o  b e  u s e d  f o r  

i r r i g a t i o n .  A l s o ,  a r s e n i c  c o n c e n t r a t i o n s  i n  s o i l  i n  t h e  l o w e r  

M a u r i c e  R i v e r  a r e a  w a s  n o t  m e a s u r e d .  T h e r e f o r e ,  t h i s  e x p o s u r e  

p a t h w a y  w a s  n o t  e v a l u a t e d .  

6 . 2 . 1 . 3 . 7  I n g e s t i o n  o f  W a t e r f o w l  a n d  G a m e b i r d s  

T h e  i o w e r  M a u r i c e  R i v e r ,  w i t h  i t s  e x t e n s i v e  w e t l a n d  a n d  e s t u a r y ,  

s h o u l d  b e  a  f a v o r a b l e  h a b i t a t  f o r  w a t e r f o w l  a n d  g a m e b i r d s .  L o c a l  

r e s i d e n t s  c a n  b e  e x p o s e d  t o  a r s e n i c  v i a  i n g e s t i o n  o f  w a t e r f o w l  

a n d  g a m e b i r d s  t a k e n  i n  t h i s  a r e a .  H o w e v e r ,  b i r d s  c a n  b i o m e t h y -

l a t e  a r s e n i c  w h i c h  c a n  b e  s u b s e q u e n t l y  e x c r e t e d  ( N A S ,  1 9 7 7 *  

B r a m a n  &  F o r e b a c k ,  1 9 7 3 ) .  T h u s ,  b i o a c c u m u l a t i o n  o f  a r s e n i c  i A  

b i r d s  s h o u l d  n o t  b e  h i g h .  I n  a d d i t i o n ,  a r s e n i c  c o n c e n t r a t i o n s  

w e r e  n o t  m e a s u r e d  i n  t i s s u e  o f  w a t e r f o w l .  T h e r e f o r e ,  i n g e s t i o n  

o f  w a t e r f o w l  a n d  g a m e b i r d s  w a s  n o t  q u a n t i t a t i v e l y  e v a l u a t e d .  

6 - 2 . 2  R i s k  C h a r a c t e r i z a t i o n  

O f  t h e  f o u r  e x p o s u r e  p a t h w a y s  e v a l u a t e d  f o r  t h e  M a u r i c e  R i v e r  

s o u t h  o f  U n i o n  L a k e ,  o n l y  t h e  i n g e s t i o n  o f  r i v e r  w a t e r  p a t h w a y  

m a y  b e  o f  s o m e  h e a l t h  c o n c e r n .  

6 . 3  E N V I R O N M E N T A L  A S S E S S M E N T  

I n  t h i s  s e c t i o n ,  t h e  e n v i r o n m e n t a l  i m p a c t  o f  t h e  c o n t a m i n a t i o n  

i n  M a u r i c e  R i v e r  w a s  e v a l u a t e d  v i a  a  l i t e r a t u r e  s e a r c h .  A t t e n -

•  - W / S  d i r e c t e d  a t  w h e t h e r  t h e  a q u a t i c  l i f e  o r  t e r r e s t r i a l  

w i l d l i f e  w e r e  r e c e i v i n g  d o s e s  o f  c o n t a m i n a n t s  w h i c h  m i g h t  

a d v e r s e l y  a f f e c t  t h e s e  p o p u l a t i o n s ,  o r  w h i c h  m i g h t  c o n s t i t u t e  a  

s e c o n d a r y  r i s k  t o  h u m a n s  c o n s u m i n g  f i s h  o r  w a t e r f o w l  t a k e n  i n  o r  

a r o u n d  t h e  a r e a .  

T h e  U S E P A ' s  E n v i r o n m e n t a l  R e s p o n s e  T e a m  ( E R T )  p e r f o r m e d  a  f i e l d  

i n v e s t i g a t i o n  m  t h e  M a u r i c e  R i v e r  b a s i n .  T h e i r  i n v e s t i g a t i o n  

a s s e s s e d  t h e  r e l a t i v e  h e a l t h  o f  t h e  r i v e r  s y s t e m  t h r o u g h  f i e l d  

s a m p l i n g .  T h e i r  r e p o r t  i s  p r e s e n t e d 4  i n  A p p e n d i x  L  o f  t h i s  R I  

and is summarized in Subsection 6.3.1.4. 

6 - 3 - 1  B l a c k w a t e r  B r a n c h  a n d  M a u r i c e  R i v e r  N o r t h  o f  U n i o n  LakP 

I n  t h e s e  t w o  s t u d y  a r e a s ,  t h e  m a j o r  c o n t a m i n a n t s  a r e  a r s e n i c  a n d  

m e r c u r y .  T h e  m a x i m u m  a n d  m e d i a n  a r s e n i c  c o n c e n t r a t i o n s  o f  w a t e r  

i n  t h e  B l a c k w a t e r  B r a n c h  w e r e  6 2 0 0  u g / 1  a n d  3 6 1  u g / 1 ,  r e s p e c -

K ? S e  c o ^ c e n t r a t i ° n s  a r e  h i g h l y  e l e v a t e d  w h e n  c o m p a r e d  

( A T * ™  ? f o i 3 r O U n d  , l 8 * e l  o £ ,  1 0  "9 /1 f o r  U.S. s u r f a c e  w a t e r  <  

f  ^ e e  T a b l e  6 " 3 )  a n d  t h e  v e r y  l o w  t o  u n d e t e c t e d  5  

l e v e l s  o f  a r s e n i c  s e e n  u p s t r e a m  o f  t h e  V i C h e m  p l a n t .  T o x i c o l o -

S i S : ^ . d ' t a . r V , e a l e d  a d v e r s e  e f f e c t s  o f  a r s e n i c  o n  a q u a t i c  

o r g a n i s m s  c o u l d  o c c u r  a t  c o n c e n t r a t i o n s  a s  l o w  a s  1 9  t o  4 8  u a / 1  

m  wa t e r  ( E i s l e r ,  1 9 8 8 ) .  T h e  m o s t  s e n s i t i v e  a q u a t i c  s p e c i e s  

o o to 
o -J 
00 ON 
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tested were developing embryos of the narrow-mouth toad (Gaatrn-
phryne carplenensis), of which 50% were dead or malformed in 7 
days at 40 ug As+3; and a freshwater alga (Scenedesmns oblictunsl 
in which growth was inhibited 50% in 14 days at 48 ug As + Vl 
(USEPA, 1985). For other species, such as the amphipod, Gammarng 
pseudolimnaeus, mortality was 10 to 32% at 85 to 88 ug/1 of 
As + J m 28 days (Spehar et al. 1980); and the snail, Helisnm* 
campanul9ta> mortality was 10% at 0.98 mg/1 of As+3 in 28 days 
(Spehar et al. 1980). At 2300 ug/1, trivalent inorganic arsenic 
was fatal to 100% of 3 species of freshwater algae in 2 weeks 
and 95% of submerged plants (Potamooeton. Sp), in a month 
(Cowell, 1965). The levels of arsenic seen in the Blackwater 
Branch swamp caused by the beaver dam, 6200 ug/1, would 
therefore pose a significant threat to aquatic plants and 
invertebrates. On the other hand, freshwater fish are generally 
more tolerant to trivalent inorganic arsenic. The LC50 of 
arsenic in fish is high, ranging from 13,340 ug/1 in rainbow 
trout to 41,760 ug/1 in juvenile bluegill (Cardwell et al. 
1976). According to the Ambient Water Quality Criteria for 
freshwater aquatic life recommended by USEPA, the concentration 
of total recoverable trivalent inorganic arsenic should not 
exceed 440 ug/1 at any time (EPA, 1980). The concentration of 
arsenic in the upper Maurice River is below this level. There
fore, fish could probably survive arsenic exposure in the Black-
water Branch, in the absence of other environmental stresses. 
Such stress could occur if aquatic vegetation and prey organisms 
were adversely affected by arsenic. In the upper Maurice River, 
the concentration of arsenic in water was much lower, and more 
evenly distributed than in the Blackwater Branch. The maximum 
and median concentrations were 150 ug/1 and 124 ug/1, respec
tively. These concentrations of arsenic may have some adverse 
effects to sensitive species, but should have no significant 
impact to the aquatic environment. 

Since most aquatic life can tolerate the arsenic concentration 
in the upper Maurice River, the potential of arsenic for bioac-
cumulation has to be addressed. It is well documented that 
arsenic is accumulated from the water by a variety of organisms, 
especially phytoplankton. Both freshwater and marine algae can 
accumulate high concentrations of inorganic arsenic. In addi-

T nJar3ne Phytoplankton can transform inorganic arsenic to 
methylated compounds that are later transferred in the food 
chain. (Irgolic et al. 1977). However, there is no evidence of 
biomagnification along the aquatic food chain. It has been 
demonstrated in a microcosm experiment (Isensee et al. 1973) 
that algae concentrated arsenic the most, with bioconcentration 
fr«o°-S .<BCF\ rangmg from 736 to 2175; snails accumulated 
arsenrc to a lesser extent, with BCFs ranging from 110 to 446; 
and fish exhibited the least accumulation, with a bioconcentra
tion factor of 21 for cacodylic acid. Based on Ebasco's Phase 



II data, the arsenic concentration in fish tissue (0.91 mg/kg) 
and in water of the upper Maurice River (0.124 mg/1), can be related by the equation: 
BCF = arsenic concentration in Hssnp (mn/knl 

arsenic concentration in water (mg/1) 

The BCF of arsenic in fish is 7.3 1/kg. Thus, bioaccumulation 
of arsenic in fish is relatively low. 

Finally, the amount of arsenic accumulated by aquatic plants has 
to be considered. In a study of arsenic levels in an arsenic-
rich river in New Zealand, the bioaccumulation of arsenic by 
aquatic plants was related to the total amount transported by 
the river (Reay, 1973). By estimating total ecological produc
tion and the amount of arsenic transported by the river, it was 
estimated that only 3-4% of the annual arsenic input to the river 
was bioaccumulated, with much of the balance being discharged to 
the sea and the remainder settling out with sediment. 

In addition to arsenic, total mercury concentrations were 
measured in the Blackwater Branch and Upper Maurice River at 
maximum levels of 0.8 and 0.5 ug/1, respectively. According to 
a survey of the concentration of mercury in U.S. waters in 1970 
(Jenne, 1972), half of the samples from the Mississippi River 
contained less than 0.1 ug/1 of mercury and the mercury content 
of groundwater samples was generally below the 0.1 ug/1 detec
tion level. Thus, the total mercury level in the upper Maurice 
River area was slightly above these background levels. 
According to the USEPA, toxic concentrations of mercury salts 
soeci^ n? °*02.ug/J- t0 m°re than 2000 ug/1 for representative 
species of freshwater organisms (USEPA, 1980a). The lower 
concentrations (<2.00 ug/1) recorded were usually associated 
"J , 6arpYH devel°Pmental stages, long exposures and flowthrough 
tatfReduced growth of sensitive species of aquatic organisms 
as most commonly observed at water concentrations of 0.04 to 

t r o n f  X° T V 1 ® .  most sensitive species tested, the rainbow 
5 IK i reduction was observed after 64 days in 0.04 ug/1 

fLmefJhylmelcu*Y <EpA, 1980a). The hazardous levels of mercury 
or freshwater aquatic plants range from 80 to 2,600 uq/1 for 

inorganic species. Thus, based on the available data, the 
concentration level of mercury in the upper Maurice River may 
have some adverse effect to sensitive species, but has no 
Bla^kwafant R mp a c t to the total aquatic environment. In the 

* Branch, the impact from arsenic contamination 
probably far outweighs that from mercury. As a further 
comparison, the Ambient Water Quality Criteria for mercury 
proposed by EPA for protection of freshwater aquatic life is 1 1 ^ 
EPA i°qrR4^Ute £?XiCity and 0,2 ug/1 for chronic toxicity (US 2 
Branch L5 The mercury concentrations in the Blackwater 
Branch and the upper Maurice River are above the proposed 2 
chronic toxicity value, but not the acutely toxic value. ^ 

o 
00 
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6.3.1.1 Mamma Is 

Animals such as the red fox, beaver, mink, and white-tailed deer 
inhabit the Maurice River area. These mammals and domestic 
animals such as dogs can be exposed to arsenic by ingestinq 
stream water However, animals are generally less sensitive to 
tne toxic effects of arsenic than humans (ATSDR, 1987). Arsenic 
poisoning in most animals is usually manifested by acute or 
subacute symptoms, including appetite loss, reduced growth, loss 
of hearmg, dermatatis, blindness, degenerative changes in liver 
and kidney, birth defects, and death. Chronic arsenic poisoning 

small doses is rare, because in 
oxidized in vivo, biomethylated, 
in the urine (Woolson, 1975). 
fetus have been documented at a 
mg As/kg body weight to pregnant 
of 1 to 10 mg As/kg body weight 
at the maximum arsenic concen-

from continuous ingestion of 
mammals, inorganic arsenic is 
and usually excreted rapidly 
Death or malformations in the 
single oral dose of 2.5 to 33 
animals, and at chronic doses 
(Eisler, 1988). However, even 
tration found in the water of the Blackwater Branch, a lethal 
dose could not be reached by drinking stream water. Less 
serious sublethal effects may occur, but no dose-response 
relationship has been documented for these effects in terrestrial mammals. 

Mercury, the other contaminant present in the Maurice River, has 
a concentration range of 0.2 to 0.8 ug/1 in surface water. 

*ens*t^ve1 sPecies of mammals, e.g., the mink, death 
occurred at daily organomercury concentrations of 0.1 to 0 25 
mg/kg body weight, or 1.0 to 5.0 mg/kg in the diet (Sheffy and 

animals, such as mule, deer and harp 
to mercury than smaller mammals such 
In dogs, a high incidence of still-
0.5 mg/kg bodyweight of organomercury 
during entire pregnancies (Khera, 
intake by animals via ingestion of 
is too low to result in these adverse 

river area 

St. Amant, 1982). Larger 
seals, are more resistant 
as mink, cats, and dogs, 
births occured when 0.1 to 
was administered orally 
1979). However, mercury 
water in the Maurice River 
effects. Therefore, mercury contamination in the 
should have no significant impact on mammals. 
6.3.1.2 Birds 

Signs of inorganic trivalent arsenite poisoning in birds include 
hUn a£- 1.ncoorJin?tlon' debility, slowness, jerkiness, falling 
yperactivity, fluffed feathers, drooped eyelids, huddled posi-

sightmg reflex, immobility and seizures (Hudson 
. However, toxic doses of arsenic to birds are 
For example, for the mallard, Anas platvchynrhns. 
D50 Of sodium arsenite is 323 mg/kg body weiaht 

fh . . 1984; NAS, 1977). For the ring-necked pheasant, 
rSS? ° LDso f0r sodium arsenite is 386 mg/kg 

d  S fa;  etH aV-' 1984)- Chicken< GaUus sp, can be dosed orally with cacodylic acid at 100 mg/kg bodyweight for 10 
days without effect (Hood, 1985). This9 is probably because 

tion, loss of 
et al., 1984) 
usually high, 
the acute oral 
(Hudson et al. 
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birds can rapidly excrete arsenic, e.g., in chickens, only 2% of 
dietary sodium arsenite remained after 60 hours (NAS, 1977), 
However, developmental and teratogenic effects can occur. Up to 
8-8 of chicken embryos dosed with 0.01 to 1 ug of As + 5, died. 
The threshold for malformation in chickens is 0.3 to 3 ug of 
inorganic pentavalent arsenite per embryo (NRCC, 1978). There 
fore, birds in the Maurice River area (e.g., herons) should not 
be affected with acute toxic effects of arsenic. However, some 
developmental effects may occur. 

Mercury, the other contaminant in the Maurice River, has an 
acute toxicity value of 2.2 to 31.0 mg/kg of bodyweight for most 
species tested (Hudson et al., 1984). In addition, some deaths 
occur when 15 ug/egg of methyl mercury is injected into yolk 
sacs of chickens, and when 9.0 ug/egg is applied to an egq 
surface of the mallard. Since the intake of mercury by birds in 
the Maurice River will not reach these dose levels, mercury 
contamination in this area should have no effect on birds. 

6.3.1.3 Terrestrial Plants and Crops 

Arsenic is known to be phytotoxic (Woolson et al. 1971). For 
example, seedlings of Scotspine, Pinus svlvestns die when soil 
(sandy) concentrations of inorganic As+5 exceed 250 mg/kg dry 
weight (Sheppard et al., 1985). For most crops, depressed 

-i°nCoCoUxr at 25 t0 85 ra9/kg total soil As concentration 
(NRCC, 1988). In the Maurice River area, the arsenic concentra
tion in soil was not measured, so it is difficult to evaluate 
the effect of arsenic on terrestrial plants. Areas of potential 
vegetative stress were identified along the Blackwater Branch 
??noo\the ViChem facility in aerial photographs taken "by EPA 
(1988). Another area of vegetative stress is the former flood 
region in Blackwater Branch, where the soil is covered with 
contaminated former sediment. However, the flood area is a 
swamp, and is not used for agricultural purposes. 

Mercury is also toxic to plants. Plant growth was reduced in 
soils containing 50 mg/kg mercury (Weaver et al. 1984). 
However, the level of mercury contamination in the Maurice River 
area is probably too low to cause phytotoxic effects. 

6.3.1.4 Environmental Response Branch Biological Assessment 

The USEPA's Environmental Response Branch conducted a biological 
assessment in the Blackwater Branch and the upper Maurice 

i- ? purpose was to determine if impacts to the 
Blackwater Branch and Maurice River systems had occurred as a 

t.h®. ,VlChem Plant. Their report is presented in 
Appendix L of this report. 

Pertinent findings of their report may be summarized as folows: 

o There is an adverse impact to the benthic communities 
in the Blackwater Branch downstream from the ViChem 
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plant site/ which takes the form of lower species 
diversity and a toxic response in bioassay tests done 
with the sediments; and 

o The impact lessens downstream in the Maurice River 
probably resulting from dilution. The Maurice River 
has a much higher flow rate than the Blackwater Branch. 

6-3.2 Maurice River South of Union T.akP 
6.3.2.1 Aquatic Life 

The maximum arsenic concentration in waters of the lower Maurice 
River is 91 ug/1. Since this value is much lower than the 
^ ®n. Water Quality Criteria of 440 ug/1 arsenic recommended 
by EPA for the protection of freshwater aquatic life, arsenic 
contamination in this study area should have no significant impact to aquatic life. 

As for bioaccumulation of arsenic by aquatic life, bioconcentra-
tion factors for crustaceans can be calculated from Ebasco's 

i? * Ar®enic was not detected in the two fish samples 
(catfish and yellow perch) in this area, but was measured in the 
American oyster sample and crab backfin and hepatopancreas 
samples^, with a concentration range of 1.3 to 1.6 mg/kg. Using 
the median arsenic concentration in water of 21 ug/1, biocon-
c?"nr w^°n ^a<itors of arsenic in these crustaceans range f rom 
. ' . t0 76,2 1/k9- These values are much higher than that 
R ^ne!f fo7r.th1e..blackT,bu!lhead sample in the upper Maurice 
River of 7.3 1/kg. it is well documented, however, that 
crustaceans and bivalves can accumulate more arsenic from water 
and food sources than fish (USEPA, 1980d). However, there was 
no consistent relationship between oyster body burdens of 

am! c<??centrati°ns. Previous reports indicate 
^ ^ uptake of sediment and biota by oysters contribute more 

arse.nic uptake than did the arsenic concentration in 
bl fhP Siaf- +.?°5fma"' 1982)- This is wel1 illustrated by the observation that the American oyster sample from the 
elaware Bay, which has normal background arsenic levels in 

water, had almost the same arsenic concentration in tissue as 
the oyster sample collected in the lower Maurice River (l 2 
mg/kg Vs 13 mg/kg). Therefore, it does not appear that 
bioconcentration of arsenic in the food chain is having major 
impacts on the ecosystem in the lower Maurice River. 
6.3.2.2 Mammals 

animaaf,b?n"*hftermine„a that arsenic has significant effect o. t 
tinn in VL i UPP^ Ma?rice,Rlver• sin« the arsenic concentra- ' 
Shoulfl aien h Mer MaVri«.Rlver ia lower, arsenic contaminatioi also have no significant impact on animals in this area. 
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6.3.2.3 Bi rds 

Based on available toxicological data (Subsection 6.3.1.3) as 
well as arsenic concentrations in the lower Maurice River 
waterfowl and other birds in this area should not be 
significantly affected. Also, since birds accumulate little 
ingested arsenic (Subsection 6.3.1.3), and the arsenic 
concentration m the lower Maurice River area is only moderately 
elevated, there should be no significant health risk to humans 
via ingestion of birds and waterfowl. 

< M z 
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7-o BENCH-SCALE TREATABILITY TFSTS 

treatabili.ty studies for the arsenic-contam
inated sediments from the river areas were conducted to produce 
adequate data for the evaluation of the technical feasibility 
and cost effectiveness of the treatment processes tested. Based 
on the general feasible technologies for arsenic treatment in 
conducted' following bench scale tests were proposed to be 

o Chemical fixation and solidification test. 
o Chemical extraction of arsenic from sediments test. 

The fixation test was conducted by Lopat Enterprises, Inc. and 
the extraction test was performed by Hittman Ebasco Associates 
Incorporated (HEAI) during the summer and fall of 1987. 

Each of these two bench scale tests is discussed separately in 
the following subsections. For each test, the discussion covers 
the testing objectives, description of the test, the results and 
the conclusion. The laboratory testing materials (e.g 
sediments), apparatus, procedures, and results of the bench 
scale tests performed by Lopat and Hittman are presented, 
respectively, in Appendix F and G of this report. 
7.1 SEDIMENT FIXATION TEST 

Sediments contain total arsenic concentrations in the range of 
the 6'6°A° mg/.kg* Four arsenic species contained in the sediments are As (\r\ a c /ttt\ i_i •. (J^^anTdVin threi AS <V)' AS (III)' mono™*hyl arsenic aciS (MMAA) and dimethyl arsenic acid (DMMA). The inorganic arsenate 
is approximately 75 percent of the total arsenical specils ?he 
sediment sample for the chemical fixation tests was a 
composite. One-half was collected from the on-site unlined 
iate?" rt' K receive*L treated wastewater and non-contact cooling water discharge, and the other half was collected from thp 
14aC 1987er ThenCshamnlThet C°mp,osite samPle was obtained on August 
volumes of s^llToilectldlro^Uh™1'6 "lth ̂  

,7.1.1 Obiectivps 

3^.hl"rP,°Se -°f .cond"ctih9 the fixation test was to confirm 
whether arsenic in the sediments could be chemically stabilized 
or physically bound to the sediment such thatTeachable 
?"icnyUCTedstaf^pr Extraclfo^^Pr^ldule ioxicity Test (EP Tox) to a level below 5 mg/1 of total 
t^atiS' * time °f the test/ U was believed that if the M treated material passed this criterion, it would be considered 25 

landfill' SubLC°Ufd be disposed of in a nonhazardous waste 0 
rom.fi ^ Subsequent guidance has been received on the § equirements to consider the treated materials nonhazardous 10 

^"corrq?9iBr~nts are discussed in detaii in the River Areas ?s o 
to 
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t 
7.1.2 Description of Test-

The fixation test consisted of four (4) sequential tasks: 
o Sediment characterization; 
o Chemical fixation and solidification with different formulations; 
o Unconfined strength (UCS) test and RCRA Extraction 

Procedure (EP) Toxicity Test; and 
o USEPA Multiple Extraction Procedure (MEP) test. 

Sediment Characterization 

The sediment sample was analyzed for total arsenic content and 
total organic carbon content to determine whether the sample was 
representative and suitable for testing. The sample was found 
to contain total arsenic of 320 mg/kg which was representative 
of the arsenic concentration of the sediments in the river areas. 
Fixation and Solidification 

Three (3) samples were treated using three formulations in an 
attempt to economically transform the sediment into materials 
which would meet the performance criteria (e.g., leachable 
concentration below 5 mg/1 of total arsenic and 1,500 lb/ft^ of UCS)• 

A commercial silicated blend known as K-20/LSC Lead-in-Soil 
Control System developed and. manufactured by Lopat Enterprises, 
Inc. of Wanamassa, New Jersey was selected because of its 
ability to be custom-blended as needed for a particular 
application. In addition, the K-20/LSC System has been 
demonstrated and proven effective for essentially all of the 
toxic metals (e.g., Pb, Ba, Cd, Cr, As, Hg etc.). Although to a 
esser degree, K-20/LSC has also been proven effective for 

certain organic compounds such as PCBs. 

As shown in Table 7-1, the three samples were chemically fixed 
and solidified using three different mixtures of chemicals (such 
as Darco Gro-Safe Activated Carbon), additives (Type 1 Portland 
?K-?n/TQr\ime,Tv,an<l Tyr\, F fly ash) and ProPerietary reagents 
IK 20/LSC). The treated samples were allowed 48 hours curing and drying. * 

UCS Test—and EP Toxicity Test 

The treated samples were tested for Unconfined Strength (UCS) 
J"1;?, th® 48-hour curing and for the EP Toxicity Test (40 CFR 261.24) after curing for 48 hours. < H 2 

o o to 
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TABLE 7-1 

MWWY DF TBfAWILITY TFSTS FW TKf CHEM1CAI FtXATTfW Am M, 0F Mmm- „niMCUT 

SAMPLE 
NUMBER 
1. 1106-84-02 

SAMPLE TRFATMFMT 
400 grams of Sediment + 0.5X* K-20 LSC »•+ 
2X Oarco Gro-Safe Activated 
Carbon + 36X Type I 
Portland Cement + 12X Type F Fly Ash. 

USC ? flb/ft 1 
9,000 

VOLUME 
CHANGE 
(*) 
-34 

T O T A L  A R S E N I C  C O N C E N T R A T I O  
EP 

TOX TEST Multiple Extraction Procedure (HTP Tests (mn/ll 
(mq/1) • M  M  M M S i h i t h z i h M S t l i m i i  
1.5 0.02 0.14 0.12 0.07 0.07 0.08 0.05 0.07 0.09 0.12 

I CO 

2. 1106-85-01 

Results of Confirmatory Analyses 

400 grams of Sediment • 0.5X 
K-20 LSC + 2X Oarco Gro-Safe 
Activated Carbon • 40X Lime + 20X 
Type I Portland Cement + 20X Type F Fly Ash. 

8,000 - 2 

0.80 

1 . 2  

0.32 0.20 0.08 0.05 0.05 0.06 0.05 0.05 0.06 0.06 

3. 1106-85-02 400 grams of Sediment + 0.5X 
K-20 LSC + 2X Darco Gro-Safe 
Activated Carbon + 60X Lime + 60X Type F Fly Ash. 

600 +70 1 . 0  

Percentage of Sample weight. 
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MEP Test 

The tested sample which best complied with the established 
performance criteria was further tested by the USEPA MultiDle 
Extraction Procedure . (MEP) to estimate the long-term stability 
of the treated material under conditions simulating 1,000 years 
of exposure to acid rain (47 CFR 52686-87, November 22, 1982) 
If the solidified sample complied with the leachable 
concentration of 5 mg/1 for all ten sequential extractions, a 
duplicate treated sample would be prepared to demonstrate the 
reproducibility of the treatment. 

7.1.3 Results 

As shown in Table 7-1, all three treated samples meet the 
performance criteria of fixation and solidification except 
Sample 1106-85-02 which failed to meet the UCS requirement 
(i.e., 1,500 lb/ft ). The leachable arsenic concentrations 
resulting from the EP Tox tests were in the range of 1 0 to 1 5 
mg/1. 

Sample 1106-84-02 consisted of sediment, K-20/LSC, activated 
carbon, Portland cement and fly ash. Since the fixation 
required water, no dewatering was required for the sediments 
other than decanting of the supernatant. After 48 hours of 
curing, the mixture passed the RCRA EP toxicity test and its 

J??a/?°rnPressive strength reached 9,000 pounds per square 
foot (lbs/ft2) as measured by the ASTM unconfined strength 
test. This strength is higher than the 1500 lbs/ft2 generally 
required for landfilling and is sufficient to support truck 

other earth moving equipment. The sediment-mixture 
^ was only 34 percent of the original sediment volume due 
to the drying and solidification of the sediments. Cost for a 
run scale fixation operation was estimated to be $150 to $200 
per cubic yard of sediment. 

nthnunh V-06"85"01 1 reaCt6d similarlY to Sample 1106-84-82 
the EP ai.SOv, a„ d t0 th® mixture- The mixture passed 
L iT.e/̂ 2 •?«? an unconfined compressive strength of 

9,000 lbs/ft . There was substantially no change in the 
mixture volume after drying and solidification. The cost for a 
yard ofasedimenttl0n estimated to be $175 to $225 per cubic 

Portland1106"85*-02 reacted similarly to Sample 1106-85-01 but 
the ep tvS116? VaS "S11 US6d in the mixture- The mixture passed 
trenoth hPint fh resulted in 600 lbs/ft2 of unconfined strength, below the performance criteria of 1,500 lbs/ft2 

volume^ Co^f^0^11"6 i"c1r1eased1 70 Percent over the sedimen c 
$2 00 tn k* full"scale operation were estimated to bt t 
$200 to $250 per cubic yard of sediment. 
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Sample 1106-84-02 was found to be the most promising of the 
formulations and was therefore selected to underqo 

MEP testing. The selection was made based on the consideration 
of cost-effectiveness and the potential for volume reduction 
S£^Wable 7-1' the leac^able arsenic concentrations from 

the MEP test were in the range of 0.02 to 0.15 mg/1 which is far 
below the toxicity criterion of 5 mg/1. All ten sequential 
extractions performed as part of the MEP test passed the 
toxicity criterion. A duplicate treated sample was then 

I ?EP testin9- This duplicate sample also passed the 
MEP test and demonstrated the reproducibility of the treatment. 
The K-20/LSC System is an inorganic silicate-based material that 
is non-toxic, non-hazardous, and easy and safe to apply. The 
major functions of the K-20/LSC System which contribute to the 
successful fixation and solidification of arsenic compounds are: 

o Precipitation of heavy metals contaminants; 
o Encapsulation of heavy metals contaminants; and 
o Protection and stabilization of encapsulated metal 

contaminants from acid (rain). 
7-1.4 Conclusion 

Based on these laboratory results, it is concluded that the 
arsenic compounds in the river area sediments could be 
chemically stabilized to well below the target criterion of 5 mg/1 leachable arsenic. 
7.2 ARSENIC EXTRACTION FROM SEDIMENT TEST 

The sediment sample for the arsenic extraction tests was a 
composite, with one-half collected from the on-site unlined 
lagoon which receives treated wastewater and non-contact cooling 
water discharge, and the other half collected from the 
Blackwater Branch on July 17, 1987. The sample tested was a 
composite sample with equal volumes of sample collected from 

7.2.1 Objective^ 

The primary purpose of the ,chemical extraction tests was to 
man0e dat-3 °n the extraction of arsenic oxides and 

methylated arsenic oxides from the sediments. The performance 
criterion required that the treated sediment contain a total 
i^S6?io c°ncer*ratlon below 20 mg/kg (the arsenic cleanup level 
in the New Jersey Environmental Cleanup Responsibility Act 
was Vslfabli shed *5? Th?s target^leveJ was established at the beginning of the investiaation 
Subsequent guidance has been received concerning the criteria 
for nonhazardous disposal of the extracted sediments. The new 
requirements are discussed in detail in the River Areas FS report (Ebasco, 1989d). "iver Areas Fb 
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In addition, the results of this test provided the data to 
determine the amount of and costs for chemicals required for 
successful extraction. This information was needed for 
determining the economic feasibility of extracting arsenic from 
sediments. 

7-2.2 Description nf TPSf 

The chemical extraction test consisted of three sequential tasks: 

o Sediment characterization; 
o Comparison of extraction reagents; and 
o Evaluation of pH and temperature effects on arsenic 

removal. 

Sediment Characterizatinn 

The sediment sample was analyzed for total arsenic content and 
°r9anic carbon content to determine whether the sample was 

suitable for testing. The sample was found to contain total 
arsenic of 2,780 mg/kg. The sample represented arsenic 
concentrations at the high end of those found in the river 
sediments. ei 

Comparison Of Extraction Reaapntg 

The sample was decanted for supernatant only and did not require 
any further dewatering. The sample was extracted with water, 
with and without added chelating compounds. Sodium citrate 
sodium oxalate, and ethylenediaminetetra-acetate (EDTA) all 
commonly used extracting agents, were the three chelating 
reagents tested. A 200 gram sample was added with 200 ml of 
aqueous reagent to form a slurry. The slurry was stirred 
continuously for two hours at a speed of 40 rpm. The treated 
samples were allowed to settle and the settled samples were then 
for th* arsenic and total organic carbon. The tests 
fom t chelatin9 reagents evaluation were conducted at room 
temperature and a pH of 7.0. 

Evaluation of pH and Temperature Effect* on A»pn^ 

The samples were extracted with water at different PH levels to 
determine the optimal PH for arsenic extraction. Sodium 
hydroxide and hydrochloric acid were used to adjust the samples 
from near-neutral condition to acid and alkali conditions. The 
samples were extracted with water at pH's of 7.0, 12.0, and 3.0. 

The chelating reagent which appeared most effective in removing 
arsenic compounds was used for extraction at different tempera
tures (24 C and 50°C) and different pH levels (5.0 and 7.0) < 
Due to the very high organic content (70,000 mg/1) of the 3 
the'extractfion6 i^V"ST °,f Na0H WaS to' maintain tne extraction at a high pH level. o o to 
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7.2.3 Results 

As shown in Table 7-2, extraction without a chelating reagent 
did not remove arsenic from the sediments below the performance 
criterion (i e 20 mg/kg of total arsenic) at room temperature 
or near-neutral pH. Chelated extraction with sodium citrat! 
Aftet wa^hTnn ^eSt at removin9 arsenic under these conditions. 
After washing (to remove any residual reagent), the extracted 
sludge contained 21 mg/1 of total arsenic w'hich'almost Sieved 
T?%hnn̂ ehoarSriC4.KC(lnCl\ntraui0.n °f 20 mg/1 of total arsenic, 

should be noted that the chemical extraction process generated 
1 C a i ?  n n m O U n t  °f susPended fine organic particles which 

almost equal 90 percent of the TOC contained in the original 
sediment sample. Most of the suspended organic particles could 
not be removed by gravity sedimentation. 

?9fc!N ex«Ption of extreme alkali conditions (i.e., pH of 
12.0) the pH effects on the removal of arsenic from sediments 
were insignificant. The experiment revealed that extremely 
large amounts of NaOH were required to maintain the pH at a 
constant value of 12. For example, 400 ml of 5N NaOH were not 
f^cr ° 6ep the pH at 12 throu9h the two-hour extraction 
a 200 ml slurry. This phenomenon was probably due to the 

very high organic content of the sediment. 

The experiment indicated that high temperature did not result in 
a?Y n̂̂ °V?ment \n arse,ncic extraction. In fact, the extraction 
at high temperature (50°C) removed less arsenic from the 
sediments than at room temperature (24°C). Therefore 
Ŝ nt'procesT " imp0rtant £act« in th* hernial extraction 

s?pia£°„rg;S0fau^^ 
cubic yard. ^ 

7.2.4 Conclusi on 

0n th®se laboratory results, it is concluded that the 
^ HarSe?1C concentration (below 20 mg/1 of total arsenic) 
the f°r the sediments by chemical extraction with 
(24°C) chelator at a pH range of 5 to 7 at room temperature 

< H 3 
O o t\J 
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TABLE 7-2 
SUMMARY OF TREATABILITY TESTS  F O R  T H E  E X T R A C T I O N  n i r  

A R S E N I C  F R O M  S E D I M E N T  

Sediment Characterization 

Sample Number 
833-039-03 

Selection of Chelating Reagents 

Sample Number 
836-003-03 
836-005-01 

836-005-02 

836-005-03 

No Chelator, pH = 7.0, 24°C 

Sodium Citrate 3,170 mg/1, 
pH = 7.0, 24 °C 

Sodium Oxalate 3,490 mg/1, 
pH = 7.0, 24 °C 

EDTA (Tetrasodium Salt) 
1,440 mg/1, pH - 7.0, 24 °C 

PH Effects 

Untreated Sediments 
Total As TOC 
(mq/kg) Cma/ka^ 
2,780 70,000 

Treated Sediments* 
Total As TOC 
Ima/Ka) (ma/Kg^ 

36 

21 

45 

37 

513 

. 63 5 

953 

506 

Sample Number 
836-003-03 

836-003-04 

836-003-05 

No Chelator, pH = 7.0, 24 °C 

No chelator, pH = 12.0, 24 °C 

No Chelator, pH = 3.0 24 °C 

Treated Sediments* 
Total As TOC 
(ma/Kg) (ma/Kn^ 

36 

14 

36 

513 

488 

833 

Performance criterion of treated sediments contain total As less than 20 mg/Kg. < H a 
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TABLE 7-2 (Cont'd) \ 

SUMMARY OF TREATABILITY TESTS FOR THE EXTRACTTDM OF 
ARSENIC FROM SEDIMENT 

PH And Temperature Efforts 

Sample Number 
836-007-01 

836-008-01 

836-008-02 

Sodium Citrate 3,170 mg/1, 
pH = 5.0, 24 °C 

Sodium Citrate 3,170 mg/1, 
pH = 7.0, 50°C 

Sodium Citrate 3,170 mg/1, 
pH = 5.0, 50°C 

Treated Sediments 
Total As TOC 
(ma/Ka) rmn/Kg) 

21 

44 

32 

756 

2, 650 

1,460 

< H £ 
O o to 
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8.0 SUMMARY AND CONCT.ITSTOMS 

This section summarizes the major findings of the Ri and 
provides recommendations for future work. Potential remedial action objectives are also identified. emeaiai 
8.1 SUMMARY 

8 , 1 , 1  Nature and Extent of Contamination 

The main contaminant of concern in the river areas is arsenic 
Arsenic was detected at elevated concentrations in the sediment 
ViChem rolant W% hr in Blackwat.er Branch downstream from the ViChem plant, the upper Maurice River below its confluence with 
ihHnn \aCuWateA Bra"ch' Union Lake, and the Maurice River below 
Union Lake. Arsenic concentrations were very low to undetected upstream from the plant. unuecectea 

I h t  surface water arsenic concentration was observed in 
the flooded swamp caused by a beaver dam on the Blackwater 
virhPm n°iVef J? "9/14-)U The swamP was directly adjacent to the 
ViChem plant and in the direction of the arsenic-contaminated 
groundwater plume emenating from the plant site. This swamp has 
of'the beaver dam06 ̂  Sampling took place through the removal 

The arsenic concentration in the surface water decreased 
progressively downstream in the upper Maurice River, probably 

result of dilution. All of the tributaries to the Mauri 
River between the Blackwater Branch and iTninn T.auQ v, 
undetected arsenic concentrations. 

as 
_ C6 

Branch and Union Lake had 

The arsenic concentration in the surface water in the lower 
ther wer decreased gradually downstream from the lake until 
the tidal front was encountered, evidenced by elevated specific 
conductance levels. The arsenic concentration dropped ?airl5 
t^rDeUware Bay.1331 £r°nt' l0" £urther to 

The total arsenic concentration in the Maurice River did not 
fo?ParIenic5° th& F . e d e r a l  Primary Drinking Water Standard 
Ihl ITt , approximately 21 river miles downstream from 
!M ,• station ER-37 in the lower Maurice River 
concentratlon5Tn per*ormed ?y the NJDEP' the total arsenic concentration in the surface water did not drop below 50 uo/l 
until approximately 26.5 river miles downstream from the site. 

tk? surface waters, there was no clear pattern of arsenic 
hioh« Eurther1^1^^11 the..sedlraents • s°">e concentrations were 
distribution d°»n=tream t,h.a" ,upstream- The sediment arsenic 
distribution is more likely controlled by arsenic's 
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chemical partitioning to fine grain sized material and by the 
local deposition rate than by strict distance downstream from the site. 

The arsenic concentration in the sediment cores was variable. 
In some cores the arsenic concentration was higher at the 
surface than at depth, while in some others the concentration 
was higher at depth. In some cross-sectional studies one core 
showed higher concentrations at the surface while another core 
showed the opposite. This was interpreted to indicate that the 
sediments were subject to mixing, resuspension and redeposition. 
N o  p e s t i c i d e s / P C B ' s  w e r e  f o u n d  i n  t h e  t h r e e  f i s h  s a m p l e s  t a k e n  

f r o m  t h e  u p p e r  M a u r i c e  R i v e r .  H o w e v e r ,  a r s e n i c  w a s  d e t e c t e d  i n  

o n e  o f  t h e  f i s h  s a m p l e s  f r o m  t h e  u p p e r  M a u r i c e  R i v e r ,  a n d  t h e  

c r a b  a n d  o y s t e r  s a m p l e s  f r o m  t h e  l o w e r  r i v e r .  A r s e n i c  w a s  n o t  

d e t e c t e d  i n  t h e  t w o  f i s h  s a m p l e s  f r o m  t h e  l o w e r  M a u r i c e  R i v e r  

T h e  d e t e c t e d  c o n c e n t r a t i o n s  w e r e  g e n e r a l l y  w i t h i n  t h e  r a n g e  o f  

n o r m a l  b a c k g r o u n d  l e v e l s  i n  f i s h  a n d  s h e l l f i s h .  

Other compounds detected in the river areas included mercury, 
lead, cadmium, chromium, antimony, toluene, TCE, Gamma-BHC, DDT' 
and endosulfan sulfate. These compounds were generally detected 
at very low concentrations and posed no significant health or 
environmental risks, with the exception of mercury. As 
discussed in the text, an increased health risk from ingesting 
fish containing mercury was calculated. However, the 
calculation was based on the mercury concentration in the water 
and the bioconcentration factor for mercury in fish, not on 
actual measurements of mercury in fish tissue. 
8 . 1 . 2  C o n t a m i n a n t  F a t e  a n d  T r a n s p o r t  

The ViChern plant was shown to be the only significant source of 
arsenic to the Maurice River drainage basin. All river sections 
downstream from the site showed elevated levels of arsenic in 
both water and sediments. The levels of arsenic in all of the 
other tributaries studied was very low to undetected. Small 
sources below the Union Lake dam cannot be ruled out but no 
evidence exists for any inputs. 

Based on samples collected by ViChem at Mill Road, an estimated 
500 metric tons of arsenic were transported past Mill Road into 
the Blackwater Branch and upper Maurice River. Instantaneous 
lux measurements by a number of investigations agreed with the 

historic trend at Mill Road and indicated that the flux from the 
site was 4 to 8 metric tons/yr in 1987. These fluxes were 
confirmed by cross checking Ebasco, USGS and ViChem data. 
Arsenic was transported in the basin in both dissolved and < 
suspended forms. Arsenic concentrations varied throughout the 5 
year, inversely correlating with water flow. 

© o to 

8 5 7 0 b  8 ~ 2  

o 
00 o 



Arsenic concentrations in the sediments of the Blackwater Branch 
and upper Maurice River positively correlated with total organic 
carbon content, iron content and percent clay. These data 
suggested that arsenic was bound to the sediments via organic 
carbon and ferric hydroxide matrices which coat the finer 
sediments fractions. Leach tests of Union Lake sediments by 
Winka (1985) showed that 50 to 70% of the sediment bound arsenic 
was not easily extractable. The fraction retained correlated 
positively with percent organic matter. 

The three river sections were examined to determine their 
influence on the arsenic load. The Blackwater Branch and upper 
Maurice River appeared to be simple conduits for arsenic 
released from the site based on the arsenic mass balance for 
1987 and the low inventory of arsenic in the sediments. The 
effect of Union Lake on the present arsenic balance was 
unclear. Mass balance calculations showed it to be a simple 
conduit. However, sediment-water equilibria show that the lake 
water and sediments were near equilibrium. Given these 
conflicting mechanisms, the present fate of arsenic in the lake 
was not predictable. The large inventory of arsenic in the lake 
sediments (140 metric tons) showed that the lake has been a sink 
for arsenic in the past. The lower Maurice River may capture on 
the order of 50 percent of the arsenic which escapes from Union 
Lake in its estuarine sediments. However, it was noted that an 
insufficient data base exists to reliably quantify the sediment 
arsenic inventory in the lower Maurice River. Any arsenic 
entering the lower river and not adsorbed onto the sediments was 
presumably transported to Delaware Bay. 

Future arsenic levels are difficult to predict in certain parts 
of the basin even if the arsenic flux to the basin from the site 
is halted. The level of water-borne arsenic in the upper 
Maurice River and the Blackwater Branch should drop shortly 
after the source of arsenic is eliminated due to the low arsenic 
inventory in the sediments. Since it is not clear what is 
controlling the water column arsenic inventory in Union Lake at 
present, it is difficult to predict future levels. Almost 
certainly though, the lake arsenic levels will decrease. The 
water column arsenic levels in the lower Maurice River are 
dependent upon lake arsenic levels so that it .is not possible to 
conclude that future arsenic levels will drop below 50 ug/1, but 
this would be the most likely scenario. 
8.1.3 Risk Assessment 

Two types of risk assessments were performed. In the Blackwater 
Branch and the upper Maurice River, a semi-quantitative risk 
assessment for populations potentially exposed to the river 
sediments, water, and fish was prepared. Quantitative exposure 2 
models were developed, and measured contaminant concentrations 
were used to calculate site-specific carcinogenic risks, and to ° 

8-3 8570b 

o 
00 o <J\ 



estimate probable non-carcinogenic risks. Risks were estimated 
for both "worst case" and "most probable" exposure scenarios to 
determine the likely range of risks. in the lower Maurice 
River, a qualitative risk assessment was performed. Pathway 
models and contaminant concentrations were reviewed to estimate 
m a qualitative sense whether the lower Maurice River posed a 
potential health threat to exposed populations. 

In the Blackwater Branch, the total worst case and most probable 
carcinogenic risks were 5xl0-3 and 5x10"^, respectively. in 
the upper Maurice River, were lxlO-3 and lxlO-4 
respectively. At the Almond Road beach, a popular local 
recreational area on the Maurice River, the total worst case and 
most probable risks were 7x10"$ and 9xl0"6 respectively. 
Non-carcinogenic risks were generally minor. In all cases 
ingestion, either of sediment, water or fish, composed 
essentially all of the risks. Dermal contact with the water and 
inhalation were insignificant. 

In the lower Maurice River, it was estimated that none of the 
exposure pathways posed increased health risks from arsenic. 
This was based both on differences in exposure pathways between 
the upper and lower river, and on the generally lower arsenic 
concentrations in the lower river. 

The ingestion of fish, crabs and oysters with the arsenic 
concentrations found in this study posed risks above the 1 x 
107 ta*9et level. However, it was pointed out that the 
actual risks may be much lower than the calculated risks. The 
form of arsenic in fish and shellfish is generally non-toxic and 
is easily excreted by humans. Also, the levels of arsenic found 
in the blo.ta samples were within the range of arsenic normally found in fish and shellfish. 

An increased health risk from ingesting mercury in fish was 
calculated. However, it was noted that the risk was based on 
estimated mercury concentrations in the biota determined from 
the mercury concentration in the surface water and the 
bioconcentration factor. The biota samples were not analyzed 
unknown10"^' tberefore their actual mercury concentration is 

An environmental assessment was prepared by the USEPA The 
c?ncluded tbab an impact to the benthic communities in the 

Blackwater Branch had occurred. The impact took the' form of 
lower specie diversity, and increased toxicity in bioassay 
from^L sTtL arSSniC l3den sediments collected just downstream 
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A data quality analysis and the limitations of the risk 
assessment were discussed. it was concluded that, while the 
analytical data used was of the highest quality, there is enouqh 
uncertainty in the exposure assumptions to attach confidence in 
the risk calculations only within one order of magnitude. 
Finally, potential cleanup levels for remediating contaminated 
sediments were calculated using both the worst case and the best 
estimate exposure assumptions. This was done by settinq a 
target risk level, and back-calculating the sediment arsenic 
concentration which would produce that risk level using the 
pathway models. This was done to help EPA determine potential 
cleanup strategies for the river areas if desired. The cleanup 
evels are discussed in Subsection 8.2.3, Recommended Remedial Action Objectives. 

8.2 CONCLUSIONS 
8.2.1 Data Limitations 

The samples taken by Ebasco in Phase I and II for this Rl, with 
°5 treatability samples, were analyzed and 

i i i CLP* T.hese analyses were considered 
conformational level> that is, the highest level of data 
quality. These analyses required full CLP analytical and 
validation procedures, and were designed to be legally 
defensible. These types of analyses are used for risk 
assessments, engineering design, and cost recovery, documentation. 
The quantity estimates, results and conclusions presented i 
this Rl are based on this CLP validated analytical data. Dat 
which were rejected in the validation process were not 
considered when drawing conclusions about the nature and extent of contamination at the site. 

fh^nSpT6 USS W*.aS made 0f data Previ°usly obtained by others in 
this Rl report. For example, the arsenic speciation work 
arsenic data Win^a, ,the watershed, the USGS streamflow and arsenic data collected at Norma (ER-7), previous studies 
performed for NJDEP, ana arsenic analyses in the city of 
incorooJatLi3" Vineland's. water supply system were reviewed and incorporated in some fashion into the description of arsenic's 
mobility in the watershed. While the chemical analyses 
presented in many of these previous studies may not have been 
this°RT th° the -Same QA/QC standards as the samples taken for 
in Pre^ons body of existing data could not be ignored 
w tershed WM?P define the arsenic contamination in the watershed. While the previous investigations provided 
fatp^rp3? I assistance, the location of contamination and its 

are fully supported by Ebasco's validated analytical data M 
2 
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Certain field tests were performed, such as pH, Eh, specific 
conductance and temperature measurements on surface water 
samples. These field tests provided useful background 
Jwim® ™er.e not the basis for documenting the contamination at the site. 

Various quantity estimates presented in this RI used the CLP 
analytical data and physical measurements made in the field 
For example, the load of arsenic in the Blackwater Branch was 
determined using the arsenic concentration from the CLP 
analytical data and stream flow measured in the field. Field 
measurements were made consistent with the methods presented in 
the Field Operations Plan for the ViChem Site (Ebasco, 1986). 

The risk assessments presented in Section 6 were semi-quantita-
I-J.1!?- Blackwater Branch and the upper Maurice and 

qualitative in the lower Maurice River. The first is considered 
semi-quantitative because some of the assumptions made, days per 
year at the river, for example, are estimates rather than actual 
measured values. As discussed in the text, because so many 
assumptions are made in the pathway models, the risk 
calculations should not be considered more accurate than one order of magnitude. 

8.2.2 Recommendations for Future Work 

The groundwater discharge off of the ViChem site clearly is the 
.f°urce of arsenic to the Maurice River system. Assuming 

that the source of arsenic was eliminated, i.e., a remedial 
action at the site prevented groundwater discharge into the 
Blackwater Branch, the effect of this on the surface water 
?ualXdownstream would be important to know. The data suggest 
J?Jfnat1h1e Blackwater Branch and the upper Maurice River behave 
basically as conduits, transferring arsenic in the water column 
downstream into Union Lake. Reducing the arsenic flux off the 

ml H reduce the arsenic load and concentration in these 
streams. However, as discussed in the text, the effect of this 
the lake i^lrlsent?1 his. ur^known since ^ is n°t known whether the lake is presently behaving as a conduit or whether the lake 
water is at equilibrium with the sediments. 

aualltv^n^Vi nefd wo.uld therefore be to obtain water 
J" btyha i flow data at various points in the basin. One point 
l ocate^"ted on the Blackwater Branch, another could be 
J°"^d at H}eKex*sting USGS gaging station at Norma (ER-7), and 
•fiS a ! located on the Union Lake spillway. Concurrent 
flow and water quality data obtained at these three points 
from tWh0eUlbasidnfinitiVely 6StabliSh a"enic inflow and outflow 

"at ̂Norraa ̂ isr now5 operational*" 
and the frequency of sampling could be increased to monthly or 
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semi-monthly sampling for arsenic. Some type of flow measuring 
device could be installed on the dam at the outlet of Union 
Lake. Water samples could be obtained on the same frequency as 

K °̂m N°rma station. A gaging station could be 
established on the Blackwater Branch downstream from the ViChem 
site, recording the stream flow and serving as a water quality 
sampling point. A comparison of the results through time would 
provide valuable data to determine the arsenic behavior in the 
basin. if the program were started relatively quickly, a data 
base would be established prior to performing any remedial 
af^°?- at the aite' ?nd woul<* help to determine .its 
effectiveness. Also, this type of sampling would have a 
relatively low cost. 

Additional studies to determine the adsorption/desorption rates 
of arsenic from the sediments should also be performed. These 

aA m determining the fate and transport of arsenic 
within the sediments. Presently, it is known that arsenic can 
desorb off of the sediments, but the extent to which this 

M W1-X influence the water quality of Union Lake and 
the lower Maurice River is unknown since the rate of desorption 
is not known. Detailed information on this process would help 

source area remediation (at the ViChem plant site) 
would lower the arsenic concentraton of the lake and lower 
aurice River. This work could be done in conjunction with the 

simple sampling program mentioned above for the lake and river. 

The fish in the rivers contain some arsenic, which calculates to 
a possible health risk through ingestion. However, as discussed 
orobable f'h.f <-h°rm °f aFSen.ic in the fish « not known. It is 
probable that the arsenic is present in a fairly non-toxic 

K°r̂  I"® £0rm 0f arsenlc in some £ish samples in 
river should be determined since fishing is a popular 
recreational activity in the river. 

8-2.3 Recommended Remedial Act inn Objectives 

The source of the arsenic contamination to the river svstem is 
the groundwater discharge off of the ViChem site. Before any 
blmlliminated°n W3S tak6n in the riv®r area' this source should 

very f hiah^Ls^n?^ the Blackwater Branch contains 
very high arsenic concentrations. This area is now exposed 

the *?eav®r dam was breached, making public access to the 
former sediments more likely. There are other areas where 
sediment arsenic concentrations are elevated and are estimated 
to pose potential health risks. Table 8-1 presents sedimen? 
based^on^h^w^rsV0115 whlch Produce various risk estimates cased on the worst case and most probable pathway models 
fhafXd acc®ss t0 areas with arsenic concentrations greater than 
•t??~d acceptable by the EPA/ considering Table 8-1, should 

eliminated. This can be accomplished by some type of 
remedial action such as removal, or through sign posting 
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TABLE 8-1 
CALCULATED RI.?K FROM SEDIMENTS 

AT 
VARIOUS ARSENTC CONCENTRATIONS 

CALCULATED RISK SEDIMENT ARSENIC CONCENTRATION (ma/kg^2 

Worst Cass: 
1 x 10~4 

1 x 10"5 
1 x 10"6 

1 x 10-7 

200 

20 

2 

0 . 2  

Most Probable fasp; 

1 x 10-4 1200 
1 x 10-5 120 
1 x iO"6 12 

1 x 10-7 1.2 

1 Calculated Risks Assume Sediment Exposure Pathways only. 
2 Contract Laboratory Program Required Detection Limit for 

arsenic in soil/sediment is approximately 2 mg/kg. 
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The river water is contaminated with arsenic. However, the data 
indicates that once the arsenic source from the plant is 
eliminated, the river arsenic concentration should decrease. 
Because of this and because of the infeasibility of treating a 
flowing stream, no remedial action other than removinq the 
source of arsenic (the groundwater discharge) is recommended. 
The monitoring program presented previously should be 
implemented to monitor/verify the effectiveness of any remedial action. 

The fish in the river contain some arsenic, however there are no 
remedial alternatives for this problem. If EPA risk managers 
determine, either through additional sampling or a further 
review of the literature, that the fish arsenic concentration is 
unacceptably high, then the only practical remedial action to 
take would be posting signs banning fishing. Detailed 
consideration should be given before taking this action 
however, due to the uncertainties of the risk estimates and th4 
popularity of this activity to the local population. 

In summary, the recommended remedial action objective for the river areas is as follows: 

o Minimize public access, either through containment, 
treatment, or institutional controls, to areas with 
unacceptably high sediment arsenic concentrations, 
particularly the exposed former sediments in the 
Blackwater Branch floodplain. 
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